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RECENT  PROGRESS  IN  GEODESY. 

BY 

John  Fillmore  Hayford. 


[Read  before  the  Society  February  3,  1900.] 


This  report  is  not  based  upon  a  complete  examination  of 
the  recent  literature  of  geodesy.  The  writer  has  been  too 
busy  to  devote  much  time  to  the  special  research  necessary 
to  justify  any  claim  to  completeness.  His  regular  duties 
have,  however,  kept  him  in  touch  with  recent  operations  in 
geodesy,  much  more  closely  in  touch,  however,  with  opera¬ 
tions  in  the  United  States  than  with  those  of  Europe.  The 
sketches  of  recent  progress  in  each  of  several  sciences  called 
for  by  the  rules  of  the  Society  are,  as  I  conceive,  to  be  writ¬ 
ten  primarily,  not  for  those  well  versed  in  that  particular 
science,  but  for  the  general  information  of  others  working  on 
other  lines.  To  this  end  a  bird’s-eye  view  of  the  present 
state  of  the  particular  science,  together  with  a  statement  of 
the  more  important  and  interesting  recent  developments, 
will  serve  better  than  a  detailed  catalogue  of  the  separate 
steps  which  make  up  recent  progress. 

By  studying  the  recent  reports  of  the  International  Geo¬ 
detic  Association  and  the  geodetic  reports  from  various  coun¬ 
tries,  one  is  gradually  convinced  that  there  is  well-sustained 
activity  in  geodetic  operations  in  many  countries,  that  geo¬ 
detic  facts  are  being  steadily  accumulated,  and  that  steady 
progress  is  being  made  in  improving  methods  and  instru¬ 
ments.  Having  realized  this,  one  naturally  looks  for  pub¬ 
lished  collections  of  results,  and  for  some  reasonably  com¬ 
plete'  and  well-digested  scientific  papers  showing  the  relation 
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between  existing  theories  and  results.  One  expects  to  find 
a  considerable  portion  of  the  accumulated  facts  published  in 
convenient  form  for  the  use  of  the  hydrographer,  topog¬ 
rapher,  the  physicist,  and  the  engineer.  But  this  expecta¬ 
tion  is  not  realized.  Of  the  great  store  of  accumulated  facts 
only  a  small  part  are  as  yet  published  in  any  complete  or 
systematic  way.  The  remaining  ones  are  published,  if  at 
all,  in  such  a  fragmentary  and  disconnected  form  as  to  lose 
much  of  the  value  which  they  would  otherwise  have.  Again, 
one  looks  in  vain  for  any  comprehensive  study  in  recent  years 
of  the  earth’s  figure  and  size.  Since  the  publication  by  Colonel 
Clarke,  some  twenty  years  ago,  of  his  values  for  the  polar  and 
equatorial  radii,  no  corresponding  comprehensive  investiga¬ 
tion  has  appeared  in  print. 

It  is  not  easy  to  understand  why  publication  and  discus¬ 
sion  should  lag  so  far  behind  the  measures  in  the  field.  One 
consideration  presents  itself,  however,  as  a  partial,  though 
insufficient,  explanation.  To  adjust  a  network  of  triangu¬ 
lation  requires  an  amount  of  expert  computing  which, 
as  to  time  and  cost,  seems  disproportionate  to  the  field¬ 
work.  Consequently,  there  is  a  decided  tendency  for  the 
computations  to  be  several  years  behind  the  corresponding 
field  operations.  By  the  time  computations  are  finished  for 
a  given  area  new  results  of  observations  are  available  in  that 
area  or  in  adjacent  connecting  areas.  Thus  it  always  seems 
that  the  time  for  publication  has  not  come,  since  whatever 
might  be  published  would  of  necessity  be  incomplete. 

It  may  be  admitted  that  in  many  cases  the  computations 
made  have  been  more  complex  and  laborious  than  was  war¬ 
ranted  by  the  observations.  The  problem  is  one  which  lends 
itself  to  many  theoretic  refinements  leading  to  long  compu¬ 
tations. 

In  what  is  above  written  as  to  delays  in  publication  and 
computations  needlessly  prolix  the  writer  must  not  be  un¬ 
derstood  as  referring  chiefly  to  work  in  the  United  States. 
Publication  is  apparently  no  further  behind  in  this  country 
than  in  other  countries,  with  the  possible  exception  of  Great 
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Britain.  In  simplifying  the  computations  in  office  to  corre¬ 
spond  with  the  accuracy  attained  in  the  field,  this  country 
is  easily  foremost. 

The  years  1898  and  1899  mark  an  epoch  in  the  history  of 
geodesy  in  the  United  States.  In  1898  the  last  of  the  field 
operations  on  the  great  transcontinental  arc,  extending  from 
the  Atlantic  to  the  Pacific  along  the  thirty-ninth  parallel, 
was  completed.  During  the  same  year  the  field  measures 
of  the  oblique  arc  parallel  to  the  Atlantic  coast  were  also 
completed.  In  1899  the  necessary  observations  to  complete 
an  oblique  arc  in  California,  extending  from  Point  Arena  to 
the  Mexican  boundary,  were  brought  to  a  close.  In  1899 
also,  but  little  more  than  a  year  after  the  completion  of  the 
last  field  measurements,  the  computations  connected  with 
the  arc  of  the  thirty-ninth  parallel  were  completed  and  the 
results  put  in  form  for  the  printer. 

To  appreciate  the  full  force  of  the  above  statements  one 
must  have  a  realizing  sense  of  the  great  length  of  the  above 
arcs.  The  combined  length  of  all  the  arcs  used  by  Colonel 
Clarke  in  1880  to  deduce  the  figure  of  the  earth  was  equiva¬ 
lent  to  89  degrees  of  a  great  circle.  The  arc  of  the  thirty- 
ninth  parallel  is  equivalent  in  length  to  37  degrees  of  a  great 
circle ;  the  Atlantic  oblique  arc  is  22  degrees  long,  and  the 
California  oblique  arc  8  degrees ;  and  the  combined  length 
of  these  three  arcs  is  67  degrees,  or  more  than  two-thirds  the 
total  length  used  by  Clarke. 

The  most  interesting  recent  development  in  geodesy  has 
been  the  investigations  of  variations  of  latitude.  It  may  be 
asked,  “  Why  is  this  investigation  classed  as  geodetic  rather 
than  astronomic?”  The  answer  is,  It  belongs  in  both 
classifications.  Obviously  it  is  an  astronomical  investiga¬ 
tion,  but  it  concerns  the  geodesist  also ;  it  concerns  him 
directly,  because  the  astronomical  latitudes  with  which  he 
must  deal  are  now  known  to  be  a  function  of  the  time  of 
observation.  It  is  interesting  to  note  also  that  many  of  the 
observations  upon  which  our  knowledge  of  the  latitude 
variation  depends  were  made  with  the  zenith  telescope,  an 
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instrument  which  the  geodesist  claims  rather  than  the 
astronomer. 

For  ten  years  past  there  has  been  marked  activity  in  in¬ 
vestigating  this  question  along  two  lines.  One  class  of  in¬ 
vestigators  worked  by  the  inductive  method,  and  slowly 
built  up  empirical  mathematical  expressions  for  the  observed 
facts  as  to  the  variations,  independently  of  any  theory  as  to 
their  causes.  For  this  purpose  they  used  many  series  of  old 
observations,  made  at  various  fixed  observatories,  but  not 
primarily  for  this  purpose.  In  addition  they  have  used 
many  modern  series  of  observations,  made  with  zenith  tele¬ 
scopes,  for  this  special  purpose.  It  has  been  shown  that  the 
motion  of  the  pole  in  the  past  may  be  represented  with  con¬ 
siderable  accuracy  as  a  combination  of  two  motions,  each 
circular,  one  with  a  mean  period  of  about  428  days  and  the 
other  with  a  period  of  one  year.  A  still  closer  approxima¬ 
tion  is  obtained  by  assuming  that  the  amplitude  and  epoch 
of  each  of  these  motions  is  subject  to  a  periodic  variation. 
A  somewhat  closer  agreement  between  the  mathematical 
curves  and  the  observations  is  secured  when  elliptical  paths 
are  substituted  for  the  circular  paths  above  referred  to.  The 
net  result  of  the  investigations  by  the  inductive  method  has 
been  certain  mathematical  expressions  which  closely  repre¬ 
sent  the  known  facts  of  the  past,  but  there  is  great  uncer¬ 
tainty  as  to  how  far  into  the  future  these  mathematical 
expressions  may  be  extended,  because  their  basis  is  wholly 
empirical. 

The  progress  made  along  this  empirical  line  of  investi¬ 
gation  has  been  due  to  Prof.  S.  C.  Chandler,  of  Harvard, 
more  than  to  any  other  one  man  or,  possibly,  any  group  of 
men.  His  results  have  been  published  as  the  investigations 
proceeded,  in  the  Astronomical  Journal,  and  form  an  ex¬ 
ceedingly  interesting  series,  not  only  on  account  of  the 
remarkable  success  attained,  but  because  of  the  ingenuity 
and  skill  shown  in  devising  methods  of  investigation  which 
are  independent  of  any  theoretical  basis. 
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Another  class  of  investigators  has  worked  from  the  stand¬ 
point  of  pure  theory.  Their  endeavor  has  been  to  furnish 
an  adequate  explanation  for  the  observed  facts.  Up  to  the 
time  when  the  latitude  was  shown,  by  direct  observation,  to 
be  subject  to  periodic  variations,  one  of  the  fundamental  as¬ 
sumptions  upon  which  astronomical  computations  were  based 
was  that  the  latitude  of  a  given  point  on  the  earth’s  surface 
is  invariable.  Pure  theory,  indeed,  indicated  that  the  lati¬ 
tude  of  a  point  should  be  subject  to  a  periodic  variation  of 
small  amplitude  with  a  period  of  about  305  days.  Special 
investigations  had  failed  to  reveal  a  variation  having  that 
period,  and  astronomers  had  fallen  back  to  the  dogma  of  in¬ 
variability.  Theorists  are  now  confronted  with  the  neces¬ 
sity  of  accounting  for  a  period  of  about  428  days  instead  of 
305.  It  is  known  that  any  movements  of  the  earth’s  crust 
and  of  the  water  and  air  in  response  to  a  displacement  of  the 
pole  of  figure  from  the  pole  of  rotation  have  the  effect  of 
lengthening  Euler’s  period.  It  has  been  shown  that  any  dif¬ 
ference  in  the  equatorial  radii  also  has  a  tendency  to  increase 
the  theoretical  period  to  correspond  more  nearly  with  the 
fact.  The  known  atmospheric  and  oceanic  currents  have 
also  been  appealed  to  for  an  explanation.  It  has  also  been 
shown  that  it  is  not  impossible  that  such  impulsive  forces  as 
are  concerned  in  earthquakes  and  volcanoes  may  produce 
some  of  the  effects  observed.  The  net  result,  however,  of  the 
investigations  of  theorists  has  been  a  series  of  partial  expla¬ 
nations,  no  one  of  which  stands  all  the  tests  which  have  been 
applied  to  it.  Each  fails,  either  by  furnishing  a  law  of  mo¬ 
tion  which  differs  essentially  from  the  observed  facts  or  by 
being  quantitatively  inadequate. 

This  was  the  situation  when  the  International  Geodetic 
Association  formulated  and  adopted  a  plan  for  determining 
the  actual  motion  of  the  pole  during  a  series  of  years  with  the 
highest  attainable  accuracy.  The  observations,  in  conformity 
with  the  plan  devised  by  them,  were  actually  begun  in  the 
latter  part  of  1899,  and  it  is  proposed  to  continue  these  ob¬ 
servations  uninterruptedly  for  at  least  five  years.  The  plan 
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of  operations  is  that  the  actual  motion  of  the  pole  shall  be 
determined  by  simnltaneons  observations  at  four  stations 
widely  separated  in  longitude,  at  each  of  which  an  instru¬ 
ment  of  the  highest  precision  is  to  be  so  used  as  to  guard,  as 
fully  as  possible,  against  all  known  sources  of  systematic 
error.  The  details  of  the  plan  have  been  worked  out  very 
carefully,  and  it  is  admirable  in  every  respect. 

The  four  stations  selected  are  Gaithersburg,  in  Maryland, 
in  longitude  +  77°  ;  Ukiah,  California,  in  longitude  +  123°  ; 
Mizusawa,  in  Japan,  in  longitude  +  219°,  and  Carloforte,  on 
the  small  island  of  San  Pietro,  just  west  of  Sardinia,  in 
longitude  -f-  351°.  One  of  these  stations  occurs  in  each  of 
the  four  quadrants  of  longitude,  reckoned  from  Greenwich. 
All  are  within  three  seconds  of  the  parallel  of  39°  8'  10". 
The  conditions  considered  in  selecting  them,  other  than 
those  indicated  above,  were  that  there  should  be  nearly  sym¬ 
metrical  conditions  as  to  the  character  of  the  surface  north¬ 
ward  and  southward  of  the  station  to  avoid  unsymmetrical 
refraction ;  that  the  hygienic,  social,  and  climatic  conditions 
should  be  such  that  the  observer  might  remain  healthy, 
comfortable,  and  contented ;  and  finally  in  Japan  and  at 
the  European  station  the  region  was  carefully  studied  with 
reference  to  the  probable  frequency  of  earthquakes. 

Two  extra  volunteer  stations  have  now  been  added  to 
these  four,  one  at  the  Cincinnati  observatory,  which  happens 
to  be  nearly  on  the  parallel  of  the  four  selected  stations, 
and  one  at  Tschardjiu,  in  Turkestan. 

The  four  principal  observatories  have  been  constructed 
with  the  utmost  care,  under  specifications  furnished  by  the 
International  Geodetic  Association,  specifications  designed 
to  insure  that  observations  shall  not  be  vitiated  by  local  dif¬ 
ferences  of  temperature.  The  observatory  proper  is  sur¬ 
rounded  by  lattice-work  to  protect  it  from  direct  sunlight 
and  the  roof  is  double.  During  observations  the  roof  is 
rolled  back  to  leave  an  observing  slit  two  meters  wide.  The 
walls  are  so  low  that  the  telescope  projects  above  the  roof 
during  observations.  This  fact,  together  with  the  unusual 
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width  of  the  observing  slit,  puts  the  instrument  virtually  in 
the  open  air  during  observations. 

The  instruments  used  at  the  principal  stations  are  specially 
designed  zenith  telescopes,  by  Wanschaff,  of  Berlin.  The 
telescope  has  a  focal  length  of  about  51  inches,  an  aper¬ 
ture  of  4£  inches,  and  a  magnifying  power  of  104.  Aside 
from  other  minor  peculiarities,  two  are  especially  noticeable. 
The  barrel  of  the  telescope  proper  is  protected  by  an  outer 
thin  metallic  tube,  which  is  connected  at  but  few  points  with 
the  telescope  proper,  and  serves  merely  to  protect  it  against 
sudden  changes  of  temperature.  This  false  tube  is  pierced 
at  various  points  to  permit  circulation  of  air  in  the  space 
between  it  and  the  tube  proper.  The  eye-piece  is  furnished 
with  a  reversing  prism  of  peculiar  construction,  such  that 
all  observations  may  be  made  with  the  observing  line  ap¬ 
parently  vertical  and  with  the  star  apparently  moving  either 
upward  or  downward  at  the  will  of  the  observer.  The  ob¬ 
servation  upon  one  star  consists  of  four  pointings,  two  taken 
while  the  star  is  moving  apparently  upward  in  the  field  of 
view  and  two  with  the  star  moving  apparently  downward, 
the  reversing  prism  being  turned  180  degrees  between  these 
observations.  If,  then,  the  observer  has  a  personal  tendency 
to  place  the  observing  line  too  far  to  the  right,  this  will  have 
contrary  effects  in  the  two  pairs  of  bisections,  and  the  per¬ 
sonal  equation  will  be  eliminated  from  the  mean  result.  In 
so  far  as  accidental  errors  are  concerned,  the  few  observa¬ 
tions  already  made  indicate  a  high  degree  of  accuracy,  the 
probable  error  of  a  single  observation  of  a  pair  being  about 
zh  0".10.  Few  series  of  observations  yet  made  can  show 
probable  errors  as  small  as  ±  0".16. 

The  computed  motion  of  the  pole  will  be  nearly  independ¬ 
ent  of  the  errors  in  the  assigned  declinations  of  the  stars, 
the  effects  of  the  errors  of  declinations  being  eliminated  by 
the  well-known  group  method.  The  stars  to  be  observed 
are  divided  into  twelve  groups,  and  each  group  is  observed 
for  about  two  months  (50  to  80  days,  according  to  the  time  of 
year).  During  the  first  half  of  the  period  when  group  No.  2 
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is  being  observed  group  No.  1  is  also  being  observed,  and 
during  the  latter  half  of  the  period  group  No.  3  is  being  ob¬ 
served  at  the  same  time  as  group  No.  2.  Similarly,  group 
No.  3  is  observed  first  in  connection  with  No.  2,  and  then  in 
connection  with  group  No.  4,  and  so  on.  The  difference  be¬ 
tween  the  mean  latitude  from  group  No.  1  and  the  mean 
from  group  No.  2  during  the  period  when  both  groups  are 
being  observed  is  obviously  due  to  the  difference  of  the  mean 
error  in  declination  of  the  stars  of  the  two  groups  and  to  ac¬ 
cidental  errors  of  observation.  This  method  of  observation, 
after  being  extended  throughout  the  whole  cycle  until  group 
No.  12  overlaps  group  No.  1,  furnishes  a  means  of  determin¬ 
ing  the  declination  correction  to  each  group  to  reduce  it  to 
the  mean  of  all  of  the  groups,  and  thus  to  eliminate  the 
declination  errors  from  the  computed  change  in  latitude. 

As  an  additional  precaution,  the  same  list  of  stars  is  to  be 
observed  at  all  the  stations. 

The  effect  of  an  error  in  the  assigned  proper  motions  of 
the  stars  observed  will  be  to  make  the  latitude  of  any  one 
station  appear  to  increase  or  decrease  with  lapse  of  time,  but 
will  have  no  appreciable  effect  on  the  value  finally  derived 
for  the  motion  of  the  pole  ;  for,  the  same  list  being  used  at 
all  stations,  all  the  latitudes  will  appear  to  increase  or  de¬ 
crease  together.  Both  the  Japan  and  the  Maryland  station 
would  appear,  say,  to  have  increasing  latitudes,  although 
they  are  nearly  on  opposite  sides  of  the  pole,  and  therefore 
this  result  could  not  be  mistaken  for  an  actual  motion  of  the 
pole. 

Aside  from  the  precautions  already  indicated  against  ab¬ 
normal  refractions  due  to  local  conditions,  the  observations 
themselves  have  been  planned  so  as  to  guard  against  errors 
arising  from  this  cause.  Each  group  contains  six  pairs 
which  are  used  directly  for  computing  the  latitude  variation, 
and  of  which  very  few  have  zenith  distances  exceeding  20 
degrees.  Each  group  also  contains  two  pairs  introduced  for 
the  special  purpose  of  studying  the  actual  refraction,  and  of 
which  the  zenith  distance  is  about  60  degrees.  The  normal 
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refraction  at  a  zenith  distance  of  60  degrees  is  about  four 
times  that  at  20  degrees ;  hence  the  two  refraction  pairs  will 
furnish  an  effective  method  of  determining  any  peculiarities 
of  refraction  which  are  sufficiently  great  to  produce  any  ap¬ 
preciable  effect  upon  the  latitude  pairs,  provided  such  effect 
is  one  which  increases  with  the  zenith  distance. 

Any  refraction  effect  which  is  analogous  to  a  displacement 
of  the  apparent  zenith,  by  a  persistent  barometric  gradient, 
for  example,  will  not  be  put  in  evidence  by  this  test.  To 
eliminate  such  an  error,  dependence  is  placed  upon  the  fact 
that  the  final  result  is  based  upon  observations  at  several 
stations  varying  greatly  in  longitude  and  in  the  surround¬ 
ing  climatic  and  local  conditions. 

It  may  seem  at  first  sight  that  an  annual  variation  in  re¬ 
fraction  would  produce  an  apparent  annual  motion  of  the 
pole.  This  would  be  true  if  the  motion  of  the  pole  were  de¬ 
rived  from  observations  at  one  station  only.  It  will  be  seen, 
however,  on  further  reflection  that  annual  variations  in  re¬ 
fraction  would  tend  to  make  all  the  latitudes  along  one  par¬ 
allel  apparently  increase  and  decrease  together,  and  that 
therefore  the  computed  motion  of  the  pole  would  not  be  ap¬ 
preciably  affected  if  these  annual  variations  were  of  about 
the  same  magnitude  at  the  different  stations  distributed 
around  the  pole. 

To  sum  up,  the  discovery  of  the  periodic  motions  of  the 
pole  was  first  made  by  a  purely  inductive  method.  The 
laws  governing  those  motions  have  been  slowly  and  pain¬ 
fully  deduced  by  a  continual  application  of  the  same  method 
to  old  series  of  observations  and  to  many  new  series  made 
for  the  special  purpose.  Now  a  new  campaign  of  observa¬ 
tions,  promising  results  more  accurate  than  any  hitherto  ob¬ 
tained,  has  been  commenced.  The  mean  position  of  the  pole 
for  each  fortnight  of  the  next  five  years  will  probably  be 
known  within  a  radius  of  five  feet.  There  is  little  prospect 
for  improvement  of  the  observational  side  of  this  question 
for  many  years.  The  new  observations  will  furnish  mate¬ 
rial  for  new  triumphs  of  the  inductive  method  in  furnishing 

2— Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 


10 


HAYFORD. 


a  still  closer  mathematical  approximation  to  the  unknown 
laws  of  motion  of  the  pole.  The  interesting  feature  of  this 
investigation  is  now  that  the  theorists  are  at  sea,  so  to  speak. 
Will  they  at  the  end  of  the  five  years  be  able  to  furnish  an 
adequate  explanation  for  the  new  facts  observed  or,  indeed, 
for  those  already  known  ?  It  is  on  this  theoretical  side  of 
the  investigation  that  new  energy  is  needed.  Here  is  a 
golden  opportunity  for  some  one  well  versed  in  mechanics, 
astronomy,  and  geodesy. 


RECENT  PROGRESS  IN  ASTROPHYSICS. 


BY 

John  George  Hagen,  S.  J. 


[Read  before  the  Society  February  3,  1900.] 


The  recent  progress  in  astrophysics  is  so  extensive  that 
only  a  few  of  the  most  important  works  and  discoveries  can 
be  mentioned  in  this  report.  We  have  chosen  the  following 
three  subjects : 

1.  The  Cluster-type  of  Variable  Stars. — The  discovery  by 
Professor  Bailey  of  a  great  number  of  variable  stars  in  cer¬ 
tain  clusters  has  been  known  for  some  years.  In  Chandler’s 
III.  Catalogue  seven  clusters  of  this  kind  are  mentioned,  five 
of  which  are  visible  in  our  latitudes. 

The  most  remarkable  of  these  clusters  is  the  one  desig¬ 
nated  as  Messier  5,  or  N.  G.  C.  5904,  on  account  of  the  great 
uniformity  of  the  light  variations.  The  photographs  of  this 
cluster,  which  were  taken  with  the  13-inch  Boyden  refractor 
at  the  Arequipa  station,  show  about  900  stars.  Of  these  stars 
63  have  so  far  been  recognized  as  variables  from  nearly  100 
plates,  and  40  of  these  variables  have  been  accurately  deter¬ 
mined  with  regard  to  period  and  range  of  variability.  With 
the  exception  of  two  of  them,  whose  periods  are  about  one 
month,  they  all  show  an  unexpected  uniformity  in  the  time 
and  range  of  their  variation  and  in  the  shape  of  their  light- 
curve.  Their  mean  period  is  about  half  a  day,  or,  more  ex¬ 
actly,  0d.526  —  12h  37m.4,  with  a  mean  deviation  of  0d.047  = 
lh  7m.7,  the  greatest  deviation  being  only  2h  21m.l.  The  max¬ 
imum  brightness  of  these  variables  is  between  13M.4  and 
13M.9,  and  the  minimum  brightness  between  14M.5  and  14M.9, 
with  a  meau  range  of  1M.1?  between  13M?6  and  14M.7.  The 
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character  of  the  light-curve  is,  like  that  of  U  Geminorum,  the 
inversion  of  the  Algol-type,  the  maximum  brilliancy  flash¬ 
ing  up  suddenly  and  lasting  but  a  short  time.  This  uni¬ 
formity  in  period,  range,  and  light-curve  is  peculiar  to  the 
cluster  Messier  5,  and  has  not  been  observed  in  other  clus¬ 
ters,  as,  for  instance,  in  a>  Centauri,  in  which  over  a  hundred 
variables  of  very  different  characters  have  been  found. 

The  uniformity  in  the  effect  calls  for  a  uniform  cause,  and 
if  the  writer  be  allowed  to  make  a  suggestion  of  his  own,  he 
would  like  to  offer  the  following :  The  mean  range  of  1.1 
magnitude  multiplied  by  Pogson’s  light  factor,  0.4,  shows 
that  these  38  variable  stars  lose  about  one-half  of  their  light 
at  the  time  of  their  minimum  brightness.  This  would  hap¬ 
pen,  if  each  of  them  w^ere  a  binary  star,  with  components  of 
equal  brightness  and  with  orbits  whose  planes  pass  through 
our  solar  system.  If  this  explanation  expressed  the  physical 
cause  of  this  phenomenon,  it  would  throw  some  light  on  the 
interior  structure  of  this  cluster. 

2.  Spectroscopic  Binaries. — When  the  past  generation  of  as¬ 
tronomers  opened  the  new  field  of  stellar  spectroscopy  their 
studies  were  mainly  directed  to  the  physical  aspect  and  clas¬ 
sification  of  the  stellar  spectra,  while  the  measuring  of  the 
spectral  lines  was  reserved  to  our  present  generation.  The 
former  study  shows  its  progress  in  the  number  of  stars  ex¬ 
amined,  in  the  method  of  the  objective  prism,  in  the  addi¬ 
tion  of  a  fifth  type  to  Secchi’s  historical  types,  and  in  sub¬ 
dividing  these  types.  This  progress  is  largely  embodied  in 
the  volumes  published  by  Director  Pickering,  but  does  not 
form  the  special  subject  of  this  report.  Nor  can  the  shifting 
and  doubling  of  some  spectral  lines  be  put  under  the  head 
of  “  recent  progress  ”  in  astrophysics.  What  calls  for  our 
attention  here  is  the  periodicity  in  the  shifting  and  doubling 
of  these  lines. 

In  addition  to  our  scanty  knowledge  in  this  field,  we  have 
two  recent  discoveries,  one  by  Mr.  Campbell  regarding  the 
pole  star,  the  other  by  Mrs.  Fleming  about  the  star  C  Cen¬ 
tauri.  The  velocity  of  Polaris  in  the  line  of  sight  has  been 
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found  to  vary  from  —8.6  to  —14.6  kilometers,  a  difference 
far  too  large  to  be  ascribed  to  errors  of  observation.  Mr. 
Campbell  found  that  these  apparent  irregularities  can  be  ex¬ 
plained  by  assuming  a  period  of  3  days  and  23  hours.  Now, 
if  we  apply  Doppler’s  principle,  that  the  spectrum  of  a  star 
receding  from  us  would  be  shifted  toward  the  red  end  of  a 
normal  spectrum,  and  that  of  one  approaching  us  toward 
the  violet  end,  we  have  the  hypothesis  that  Polaris  is  a  bi¬ 
nary  system,  that  its  center  of  gravity  approaches  our  sun 
with  a  velocity  of  12  kilometers,  and  that  the  Pole  star  re¬ 
volves  around  this  center  once  in  about  four  days,  thus  ap¬ 
proaching  us  in  a  cycloidal  curve.  But  this  is  not  all.  The 
mean  velocity  of  the  system  was  about  8  kilometers  larger 
three  years  previously.  From  this  Mr.  Campbell  draws  the 
conclusion  that  Polaris  is  a  triple  system. 

The  periodic  doubling  or  widening  of  the  spectral  lines 
of  C  Centauri  is  remarkable  for  the  fact  that  it  takes  place 
at  intervals  of  2  and  6  days.  A  physical  explanation  is  not 
far  to  seek.  If  we  attribute  the  doubling  of  the  spectrum 
to  two  different  sources  of  light,  and  again  apply  Doppler’s 
principle,  we  have  the  hypothesis  of  a  binary  system  in 
which  the  one  component  describes  around  the  other  a  rela¬ 
tive  eccentric  orbit  whose  major  axis  is  directed  toward  our 
solar  system.  The  time  of  revolution  would  be  8  days,  and 
the  eccentricity  such  that  the  passage  around  the  periastron 
between  two  quadratures  would  last  2  days  and  the  rest  6 
days. 

A  very  important  advance  in  this  line,  however,  is  a 
caution,  which  has  been  given  by  Humphrey,  Mohler,  and 
Wilsing,  against  pronouncing  these  hypotheses  as  certainties. 
They  have  proved  by  experiment  that  a  change  of  pressure 
in  the  source  of  light  produces  a  change  in  the  normal 
spectrum.  When  we  consider  that  a  change  in  pressure 
may  be  produced  by  interior  chemical  or  gravitational 
forces  as  well  as  by  exterior  disturbing  bodies,  we  find  the 
field  for  theories  rather  wide  and  uncertain. 

Before  passing  to  the  third  part  of  this  report  the  writer 
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would  like  to  mention  that  these  discoveries  and  hypotheses 
seem  to  bring  several  branches  of  astronomy,  apparently 
so  different  from  each  other,  into  close  relation.  The 
astronomy  of  binary  stars  would  seem  to  comprise  three 
principal  classes:  First,  those  systems  whose  components 
are  far  enough  apart  to  be  discerned  visually ;  then,  those 
whose  components  betray  themselves  in  the  variation  of 
brightness  or,  photometrically ,  whether  the  variation  be  pro¬ 
duced  by  eclipses  or  by  tidal  fluctuations  in  the  stellar 
atmospheres ;  lastly,  the  spectroscopic  binaries,  or  those  whose 
orbital  motions  are  recognized  by  Doppler’s  principle. 

3.  Photometric  Catalogues. — The  latest  photometric  cata¬ 
logue  published  is  the  second  part  of  the  Potsdam  Durch- 
musterung  (PD.),  which  gives  instructive  comparisons  with 
previous  catalogues,  viz.,  the  Bonn  Durchmusterung  (BD.), 
the  Oxford  Uranometry  (UO.),  the  Harvard  Photometry 
(HP.),  and  the  Harvard  Photometric  Revision  (PR.).  A 
few  words  on  the  Magnitudes  and  Colors  may  be  interesting. 

It  is  well  known  that  the  northern  BD.  gives  the  magni¬ 
tudes  of  stars  down  to  9M.5  with  a  rather  indefinite  limit, 
while  the  UO.  and  the  HP.  go  as  far  as  the  6th  magnitude. 
The  lower  limit  of  the  PR.  is  9M.0,  and  of  the  PD.  7M.5,  ac¬ 
cording  to  the  BD.  scale.  The  I.  Part  of  the  Potsdam 
catalogue  comprises  the  stars  from  the  equator  to  declina¬ 
tion  +  20°,  the  II.  from  this  parallel  to  declination  -f  40°. 

We  make  only  a  passing  remark  on  the  internal  agreement 
in  the  magnitudes  of  the  PD.  The  two  observers,  Muller 
and  Ivempf,  have  found  that  their  systematic  difference  in 
estimating  the  brightness  of  the  stars  in  the  photometer  has 
changed  its  sign : 

I.  Part,  M  —  K=  +  0M.02, 

II.  “  “  =  -  0M.02. 

The  quantity  0M.02  is,  however,  so  small  that  it  is  quite 
admissible  to  take  the  mean  of  their  observations  through¬ 
out.  From  their  own  residuals  they  found  a  probable  error 
of  ±  0M,04  for  the  catalogue  magnitudes. 
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Of  more  importance  is  the  comparison  with  other  cata¬ 
logues.  The  most  noteworthy  result  is  this,  that  the  tele¬ 
scopic  stars  in  the  northern  BD.  are  given  fainter  between 
the  declinations  0°  and  +  20°  than  betwnen  +  20°  and 
4-  40°.  This  result  follows  from  a  comparison  of  the  BD. 
with  all  the  other  catalogues.  It  only  indicates,  however, 
that  the  BD.  scale,  which  has  hitherto  served  as  the  standard 
scale,  is  not  uniform  in  all  parts  of  the  sky,  and  should  be 
systematically  tested,  not  only  upon  the  equatorial  system, 
but  also  upon  the  galactic  fundamental  plane. 

As  regards  the  systematic  difference  between  the  PD.  and 
the  other  catalogues,  it  was  found  that  in  general  the  PD. 
magnitudes  are  one  or  two  tenths  of  a  magnitude  fainter — i.  e., 
that  the  PD.  needs  a  reduction  to  the  other  systems,  like  this : 

PD. —  other  catalogues  =  +0M.l  or  -f  0M.2. 

A  detailed  examination  with  regard  to  color  has  disclosed  a 
more  important  systematic  difference,  which  is  very  instruct¬ 
ive  and  deserves  further  investigation.  From  a  comparison 
with  all  other  photometries  it  follows  that  the  PD.  magni¬ 
tudes  need  a  color  correction .  We  may  express  this  fact  by 
saying  that  the  PD.  gives  the  white  stars  too  faint.  Designat¬ 
ing  white  and  yellow  by  the  letters  W  and  Y,  we  can  put 
this  correction  into  the  formula  : 

W— Y  =  +0M.3  or  +0M.4. 

Thus  the  difference  of  estimation  of  brightness  between  the 
white  and  yellow  stars  amounts  to  at  least  one-third  of  a 
magnitude,  a  quantity  that  cannot  be  disregarded  in  photo¬ 
metric  work.  It  would  seem,  then,  that  the  general  sys¬ 
tematic  difference  between  the  PD.  and  other  catalogues  is 
mainly  due  to  the  white  stars — i.  e.,  the  PD.  magnitudes  are 
generally  fainter  because  the  white  stars  have  been  observed 
too  faint. 

This  result  is  in  nowise  prejudicial  to  the  PD.  Every  as¬ 
tronomical  work  is  affected  by  a  systematic  difference  from 
other  work  of  the  same  kind,  and  the  problem  is  only  to  find 
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the  correction.  A  large  correction  is  often  considered  more 
advantageous  than  a  small  one.  In  this  case  the  PD.  gives 
elaborate  tables  (VI  and  VIII)  for  reducing  its  system  to 
other  catalogues. 

A  last  word  should  be  said  about  the  designation  of  colors. 
The  PD.  designates  them  by  letters,  starting  from  the  funda¬ 
mental  colors,  white,  yellow,  red,  with  the  respective  letters 
W,  Y,  R,  and  combining  them  thus  :  YW,  WY,  RY,  YR.  If 
variable  stars  were  included  in  the  work,  an  additional  fun¬ 
damental  color  for  very  intense  red  would  have  to  be  added, 
suppose  with  the  letter  P.  These  four  colors,  with  their 
combinations  by  two,  would  give  exactly  ten  designations. 
Why  not  use  ten  figures  instead  ?  Letters  are  not  equally 
understood  in  all  languages ;  their  combinations  are  limited  ; 
they  do  not  yield  to  computation,  like  taking  the  arithmeti¬ 
cal  mean.  A  scale  of  ten  was  used  by  Schmidt,  and  was 
followed  by  Safarik,  Krueger,  and  Chandler.  Fortunately, 
the  PD.  scale  of  letters  agrees  perfectly  with  Chandler’s  nu¬ 
merical  scale  (in  his  catalogues  of  variable  stars)  and  can  be 
translated  into  it  by  the  following  table  : 

0  1  234  56789 

W,  YW,  WY,  Y,  RY,  YR,  R,  etc. 

The  additional  signs  -f  and  — ,  by  which  the  PD.  intervals 
are  subdivided,  can  also  be  given  in  these  numbers — e.  g., 
YW +  =  1*2,  WY  —  =  2T. 

It  may  be  added  that  the  numerical  scales  of  Schmidt, 
Krueger,  and  Safarik  agree  among  themselves,  but  differ 
from  the  above.1 

In  conclusion,  attention  may  be  called  to  the  forthcoming 
“  Revised  Harvard  Photometry,”  which  will  combine  the 
results  of  seven  previous  Harvard  catalogues  and  compre¬ 
hend  the  brighter  stars  from  the  north  pole  to  the  south 
pole,  with  their  spectra  and  the  magnitudes  of  other  cata¬ 
logues,  beginning  from  Herschel. 


1  Vierteljahrs-Schrift,  vol.  XXXIV,  page  297. 
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Thomas  Jefferson  Jackson  See. 


[Read  before  the  Society  February  17,  1900.] 


The  year  1899  witnessed  the  completion  of  M.  Poincare’s 
Methodes  Nouvelles  de  la  Mecanique  Celeste,  the  third  volume 
of  which  has  recently  appeared.  In  this  great  work  the 
problems  of  celestial  mechanics  are  treated  mainly  from  the 
theoretical  point  of  view,  along  the  line  of  the  periodic 
solutions,  first  brought  to  light  by  Hill  in  his  researches  on 
the  moon  in  1877 ;  and  though  the  methods  developed  will 
certainly  have  important  bearings  on  future  tables  of  the 
planets,  it  is  to  be  anticipated  that  the  chief  use  of  such 
methods  will  be  in  finding  the  limits  of  the  secular  and 
long-period  inequalities  of  the  planets  and  satellites  and  in 
researches  upon  the  stability  of  their  motions.  Some  of  the 
motions  of  the  planets  and  satellites  are  approximately 
periodic,  and  in  such  cases  the  theory  will  probably  be  found 
to  have  important  practical  applications,  since  it  will  be 
simpler  and  easier  to  reduce  the  perturbations  to  the  appro¬ 
priate  periodic  orbit  than  to  the  Keplerian  ellipse.  The 
point  of  departure  will  be  similar  to  that  proposed  by  Hill 
in  substituting  the  variation  curve  for  the  Keplerian  ellipse 
previously  used  in  all  the  theories  of  the  moon’s  motion. 
Among  known  bodies  probably  the  system  of  Jupiter’s  satel¬ 
lites  offers  the  best  illustration  of  an  approximation  to 
periodic  orbits,  since  observation  proves  that  the  laws  of 
Laplace  have  been  followed  with  the  greatest  rigor  for 
nearly  three  hundred  years. 

3 — Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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In  this  connection  it  may  be  pointed  out  that  the  theories 
of  the  celestial  motions  hitherto  used  have  comprised  four 
great  stages : 

I.  The  theory  of  circular  motion  proposed  by  the  Greeks, 
and  perfected  by  the  addition  of  eccentrics  and  epicycles,  as 
illustrated  in  the  Almagest  of  Ptolemy. 

II.  The  theory  of  elliptical  motion  discovered  by  Kepler 
and  placed  upon  a  physical  basis  by  Newton’s  discovery  of 
the  law  of  universal  gravitation. 

III.  The  reduction  of  the  irregularities  of  the  planetary 
motions  to  elliptical  motion  by  means  of  the  theory  of  per¬ 
turbations  begun  by  Newton  and  since  developed  by  Clairaut, 
Euler,  Lagrange,  and  Laplace  and  their  successors  during 
the  present  century. 

IV.  The  discovery  of  periodic  orbits  by  Hill  in  1877  and 
the  subsequent  extension  of  their  theory  by  Poincare  and 
Darwin,  the  variation  curve  being  used  as  the  intermediary 
orbit  instead  of  the  Keplerian  ellipse,  which  departs  unduly 
from  the  actual  motions  of  the  heavenly  bodies. 

In  the  lunar  theory  notable  progress  continues  to  be  made 
by  Professor  E.  W.  Brown,  of  Haverford  College,  who  is  bas¬ 
ing  his  researches  on  the  methods  of  Hill,  as  generalized 
and  extended  by  himself.  His  investigations  promise  great 
improvements  from  a  theoretical  point  of  view,  and  hence 
a  practical  test  in  the  construction  of  tables  will  become  a 
desideratum  of  science.  The  tables  of  the  moon,  which  will 
command  acceptance  in  the  future,  must  be  adequate  to 
represent  satisfactorily  all  the  observations,  ancient  and 
modern,  though  of  course  only  the  best  modern  observa¬ 
tions  can  be  employed  in  determining  the  constants  and 
principal  coefficients  which  enter  into  the  theory. 

In  the  line  of  planetary  perturbations  little  of  strict 
novelty  has  been  produced,  though  the  researches  of  Pro¬ 
fessor  Eichelberger,'  of  the  Naval  Observatory,  have  fur¬ 
nished  important  tables  of  some  of  the  Watson  asteroids.1 


1  Memoirs  of  the  National  Academy  of  Sciences,  1899. 
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Professor  Ormond  Stone,  director  of  the  Leander  McCor¬ 
mick  Observatory,  has  published  a  paper  on  Hyperion  which 
sets  forth  clearly  the  principal  inequality  of  its  motion,  and 
is  of  high  importance  to  the  future  student  of  this  remark¬ 
able  object.  It  was  presented  to  the  Third  Conference  of 
Astronomers  and  Astrophysicists,  and  a  short  abstract  of  its 
principal  points  may  be  found  in  a  recent  number  of  Science. 
In  the  gravitational  theory  of  the  sun’s  heat,  advances  on  the 
theory  of  Helmholtz  have  been  made  by  Professor  T.  J.  J. 
See,  of  the  Naval  Observatory,  who  has  determined  the  effect 
of  heterogeneity  in  increasing  the  sun’s  age1 2 .  His  researches 
on  the  theory  of  gaseous  bodies  have  thrown  additional  light 
on  the  classification  of  the  stars  and  disclosed  important 
data  respecting  the  original  condition  of  the  solar  system, 
which  now  appears  to  have  been  at  a  very  low  temperature 
when  the  planets  were  formed.  It  also  appears  certain  that 
the  planets  never  attained  high  temperatures,  and  that  the 
diffuse  nebulae  are  quite  cold.*  In  the  line  of  double  stars 
the  activity  of  the  past  year  has  kept  pace  with  the  progress 
made  in  this  branch  in  former  years.  Several  new  orbits 
and  many  measures  of  double  stars  have  appeared,  and  lastly 
a  very  important  Reference  Catalogue  of  all  the  Double  Stars 
of  the  Southern  Hemisphere,  by  Mr.  R.  T.  A.  Innes,  of  the 
Royal  Observatory,  Cape  of  Good  Hope. 

Professor  S.  J.  Brown,  of  the  Naval  Observatory,  has  con¬ 
cluded  his  careful  and  elegant  researches  on  the  orbit  of  the 
satellite  of  Neptune.  He  obtains  an  extremely  accurate  set 
of  elements,  and,  by  means  of  the  motion  of  the  orbit  plane 
during  the  past  quarter  of  a  century,  is  enabled,  on  certain 
hypotheses,  to  evaluate  the  oblateness  of  the  planet  and  the 
obliquity  of  the  planet’s  equator  to  the  plane  of  the  satellite’s 


orbit. 


The  oblateness  comes  out  about 


1 

102.2’ 


and  the  ob¬ 


liquity  eighteen  degrees.  The  period  of  revolution  of  the  pole 


1Astron.  Nachr.,  No.  3586,  July,  1899. 

2  Transactions  of  the  Academy  of  Sciences  of  St.  Louis,  vol.  X,  No.  1, 
February  5,  1900. 
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of  the  satellite’s  orbit  is  shown  to  be  531.75  years.  These 
elements,  deduced  entirely  from  theoretical  considerations, 
are  the  more  satisfactory  as  affording  explanations  of  phe¬ 
nomena  which  otherwise  would  be  quite  obscure. 

If  it  appears  that  theoretical  astronomy  has  made  no  great 
leaps  during  the  past  year,  it  may  be  held  that  it  has  at  least 
kept  pace  with  the  steady  progress  characteristic  of  this  rec¬ 
ondite  branch  of  science  during  the  whole  of  the  present 
century. 


LINEAR  DIFFERENTIAL  EQUATIONS. 

BY 

Frank  Gustave  Radelfinger. 


[Read  before  the  Society  May  27,  1899.] 


Introduction. — Felix  Klein,  the  great  geometer  of  Got¬ 
tingen,  has  said  that  the  central  problem  of  modern  mathe¬ 
matics  is  the  development  of  the  properties  and  interrelations 
of  the  functions  defined  by  differential  equations.  It  is  in 
this  large  and  constantly  widening  field  that  most  of  the 
great  mathematicians  of  the  past  thirty  years  have  labored 
and  achieved  their  most  important  successes.  All  methods, 
old  and  new,  geometrical  and  analytical,  have  been  employed. 
Every  new  idea  has  been  eagerly  caught  up  and  industriously 
applied.  Therefore  the  task  of  digesting  this  mass  of  results, 
obtained  from  so  many  and  such  diverse  points  of  view,  is  an 
especially  difficult  one. 

While  a  consistent  theory  of  linear  differential  equations 
has  been  only  partially  established,  this  theory  represents 
but  a  small  part  of  the  progress  made  in  the  establishment 
of  a  theory  of  differential  equations  in  general.  The  meth¬ 
ods  employed  in  the  study  of  the  algebraic  functions  and 
their  integrals  are  more  easily  applied  to  linear  differential 
equations  than  to  any  other  class ;  consequently  this  theory 
is  the  most  complete.  The  theory  of  a  special  class  of  them 
(Fuchs’s  class)  already  rivals  in  completeness  that  of  the 
Abelian  integrals. 

This  paper  will  be  limited  to  reviewing  only  some  of  the 
most  recent  advances  in  this  interesting  subject ;  but  for  its 

4— Bull.  Phil.  Soc.,  Wash.,  Vol.  14.  (21) 
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easier  understanding,  a  brief  summary  of  some  of  the  earlier 
researches  will  first  be  given. 

Old  methods. — During  the  eighteenth  century  differential 
equations  were  usually  investigated  in  connection  with 
physical  or  astronomical  researches.  These  equations  rep¬ 
resented  conditions  satisfied  by  variables  occurring  in  the 
problem  in  process  of  solution.  It  was  soon  found,  however, 
that  purely  algebraic  integrals  could  not  be  obtained  for 
them,  though  the  non-existence  of  such  integrals  was  not 
proven.  The  method  of  solving  then  resorted  to  was  as 
follows : 

For  the  dependent  variable  was  substituted  a  series  with 
undetermined  coefficients.  These  coefficients  were  then  de¬ 
termined  by  means  of  the  resulting  equations.  When  the 
result  was  ambiguous,  that  solution  wras  chosen  which  ful¬ 
filled  the  other  conditions  of  the  problem.  The  convergence 
of  the  series  representing  the  solution  was  not  investigated, 
but  the  validity  of  the  process  was  tested  by  instituting  a 
comparison  with  observations. 

Modern  methods. — The  methods  introduced  into  analysis 
by  Abel  and  Cauchy  early  in  the  century,  and  used  with  such 
brilliant  success  in  the  study  of  algebraic  integrals,  were  soon 
applied  to  differential  equations.  These  methods  completely 
revolutionized  the  theory  of  these  equations. 

That  but  few  differential  equations  are  satisfied  by  known 
functions  is  a  truth  now  rigidly  established.  Consequently 
they  are  now  studied  in  the  abstract  as  defining  new  func¬ 
tions,  the  properties  of  which  are  determined  by  the  applica¬ 
tion  of  the  comprehensive  ideas  of  the  general  function 
theory.  The  theory  of  these  new  functions  forms  the  most 
extensive  and  important  branch  of  modern  mathematics. 

In  the  theory  of  linear  differential  equations  all  investi¬ 
gations  are  based  on  the  assumption  of  the  existence  of  an 
integral.  That  this  assumption  is  true  Cauchy  was  the  first 
to  prove.  His  theorem  applies  to  a  more  general  class  of  dif¬ 
ferential  equations,  but  its  adaptation  to  linear  ones  is  very 
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simple.  A  concise  statement  of  its  scope  when  restricted  to 
these  is  as  follows  : 

Having  given  an  equation 

%  +  {X)  . «■-.(*>§+  }».(*)»-  0,  (A) 

in  which  p1  (x),  p2  ( x ),  .  .  .  pn  ( x )  are  rational  fractional  func¬ 
tions  of  x,  Cauchy’s  theorem  asserts  the  existence  of  an  inte¬ 
gral,  y  (x),  for  equation  (A)  at  every  point  x0,  when  x0  is  not  a 
point  at  which  one  or  more  of  the  p’s  become  infinite,  said 
integral  being  expressible  by  a  power  series  having  the  form 

yOO^o  +  O  —  +  0  —  ^o)2^+ .  (B) 


the  f)  s  being  constants.  The  series  (B)  converges  for  all 
values  of  x  included  in  a  circle  described  about  x0  as  a  center, 
provided,  always,  that  this  circle  contains  no  point  at  which 
one  or  more  of  the  p’s  become  infinite.  These  excluded  points 
are  the  singular  points  of  the  function  defined  by  equation 
(A),  and  are  the  only  singular  points  of  the  function  in  the 
finite  plane.  They  are  fixed — that  is,  they  are  independent 
of  the  constants  of  integration.  The  first  n  coefficients  of 
series  (B)  remain  arbitrary  and  can  be  assigned  at  pleasure. 

We  therefore  have 


dy~ 1 


m 


zsz  l  =7h 


that  is,  the  first  n  —  1  derivatives  of  the  said  function  remain 
arbitrary. 

The  unique  existence  of  a  general  integral  of  an  equation 
of  the  form  of  (A)  is  established  by  the  above  theorem.  Its 
direct  calculation,  however,  by  the  method  of  undetermined 
coefficients  is,  in  general,  impossible. 

The  general  integral  can  be  reduced  to  a  more  manageable 
form  by  writing  it  as  the  sum  of  n  particular  integrals  each 
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multiplied  by  an  arbitrary  constant,  and  subject  to  the  con¬ 
dition  that  between  them  no  relation  of  the  form 

<h  Vi  0)  +  Oj  2/2  0)  •  •  •  . . 0)  =  0  (C) 

subsists,  when  k£n. 

The  general  integral  is  then  written  in  the  form  : 

y  (x)  =  ax  yx  ( x )  +  a,2  y%  (x)  .....  .  an  yn  (x),  (D) 

in  which  the  y’s  are  particular  integrals  and  the  a’s  constants. 
In  this  form  of  the  general  integral  there  are  still  n  arbitrary 
constants  as  long  as  no  such  relation  as  (C)  exists.  Systems 
of  particular  integrals  subject  to  this  condition  are  termed 
fundamental  systems.  They  are  of  great  importance  in  the 
recent  developments  of  our  theory. 

Since  Cauchy’s  theorem  explicitly  excludes  all  singular 
points  from  the  domain  within  which  the  existence  of  an  in¬ 
tegral  is  demonstrated,  it  gives  no  information  concerning 
the  behavior  of  the  integral  in  the  neighborhood  of  these 
points.  For  the  study  of  the  function  within  regions  con¬ 
taining  one  or  more  singular  points  no  general  method  is 
yet  known,  and  special  devices  of  an  inverse  nature  must  be 
resorted  to,  several  of  which  will  be  considered  later. 

If  expansions  which  converge  within  a  circle  described 
about  each  of  the  singular  points  and  reaching  out  to,  but 
not  including,  the  nearest  one  could  be  obtained  for  each  of 
the  fundamental  integrals,  a  complete  representation  of  the 
function  defined  by  equation  (A)  could  be  constructed  ;  for, 
since  these  circles  of  convergence  would  intersect,  we  would 
have  two  valid  representations  of  the  function  within  this 
common  region,  and  by  making  use  of  this  circumstance  and 
equating  the  independent  expressions  of  the  function  the 
arbitrary  constants  could  be  determined  by  making  the  in¬ 
dependent  variable  describe  closed  paths,  including  the 
singular  points,  the  constants  being  determined  by  elim¬ 
ination  from  the  resulting  equations. 
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These  convergent  expansions  have  not  been  obtained  ex¬ 
cept  in  special  cases.  These  special  cases  are,  however,  of 
great  importance.  The  most  important  one  discovered  by 
Fuchs  is  as  follows : 

Fuchs’s  investigations,*  based  on  Weierstrass’s  researches 
on  the  singularities  of  functions,  were  published  about  1866, 
which  date  marks  the  beginning  of  an  important  epoch  in 
our  subject.  Fuchs  began  by  assuming  the  existence  of  a 
linear  differential  equation  such  that  its  fundamental  inte¬ 
grals  could  be  represented  in  the  interior  of  circles  described 
about  the  singular  points  as  centers,  each  circle  containing 
but  the  one  singular  point,  by  a  series  of  the  form : 

(x  —  xs)~m  K  +  a,  (x  —  x3)  +  a2  (x  —  xB)2 . ],  (E) 

in  which  xs  denotes  any  singular  point  of  the  equation  and  m 
a  finite  quantity  named  the  strength  of  the  singular  point. 

On  this  assumption  he  determined  the  necessary  and  suffi¬ 
cient  conditions  that  must  be  fulfilled  by  the  coefficients 
(the  p’s)  of  the  general  linear  equation  (A)  in  order  that  it 
admit  a  fundamental  system  of  the  assumed  form,  termed  by 
him  regular  integrals.  The  general  form  of  the  equation 
deduced  by  him  (admitting  only  regular  integrals  and  having 
the  singular  points  x1}  x2, . xs)  is : 


n  n  —  1 

dy  F1  ( x )  dy 

dxn  (x  —  xf)  (x  —  x2)  .  .  .  ( x  —  xs)  dxn~ 1 


+ 


Fn(x) 


( X  —  xf)n  (x  —  x2)n  .  .  .  (x 


y  —  0. 


(F) 


The  F’s  in  this  equation  are  rational  algebraic  functions  of  x. 
They  are  not  entirely  arbitrary,  but  are  subject  to  the  condi¬ 
tion  that  the  point  at  infinity  be  an  ordinary  one  or  a  singular 
point  of  only  finite  strength.  Fuchs  also  proved  the  con¬ 
vergence  of  the  series  representing  the  fundamental  integrals 
of  equation  (F)  within  the  assumed  domains. 


*  Crelle’s  Journal,  vols.  66  and  68. 
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By  transposing  the  origin  to  the  point  xB,  the  fundamental 
integrals  pertaining  to  the  domain  surrounding  this  point 
take  the  form : 

K  4-  <h  ®  +  <h  +  as  &  . . )•  (G) 

When  x  turns  around  the  origin,  now  a  singular  point,  the 
integrals  are  each  multiplied. by  a  constant  e~2nim. 

This  is  a  characteristic  property  of  equations  with  regular 
integrals,  equations  generally  called  Fuchsian,  from  their  dis¬ 
coverer.  In  general  these  constants  are  different  for  each  of 
the  fundamental  integrals  pertaining  to  the  singular  point. 
In  case  they  are  equal  the  equation  still  belongs  to  the 
Fuchsian  class  and  the  integrals  are  still  termed  regular, 
though  they  are  of  a  more  complicated  form  and  involve 
logarithms. 

The  Fuchsian  class  of  equations  includes  many  important 
special  cases,  long  known  to  mathematicians  from  their  con¬ 
nection  with  investigations  in  physics  and  astronomy.  Some 
of  the  most  celebrated  are  Bessel’s,  Legendre’s,  and  Gauss’s 
well-known  equation  defining  the  hypergeometric  series. 
The  theory  of  each  of  these  equations  has  been  worked  out 
in  great  detail  from  the  modern  point  of  view.  Owing  to 
the  relative  simplicity  of  these  equations,  most  of  the  results 
had  been  anticipated,  having  been  arrived  at  by  methods  of 
transformation. 

We  have  seen  that  Fuchs’s  expressions  for  the  fundamental 
integrals  consist  of  the  product  of  a  uniform  power  series 
and  a  factor  which  becomes  infinite  at  the  singular  point. 
The  integral  can  be  said  to  have  been  rendered  uniform  at 
the  singular  point  by  the  multiplier.  In  the  Fuchsian  equa¬ 
tions  this  multiplier  is  always  algebraic ;  but  this  method  of 
rendering  integrals  uniform  admits  of  an  obvious  extension 
by  making  use  of  transcendental  factors.  This  has  been  done 
by  several  analysts,  and  they  have  succeeded  in  constructing 
fundamental  systems  for  differential  equations  with  irregular 
integrals — that  is,  differential  equations  the  strength  of  some 
or  all  of  whose  singular  points  are  infinite.  Before  going 
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more  into  detail  concerning  these  results,  I  will  say  that  no 
advance  of  a  fundamental  or  far-reaching  nature  has  been 
made  by  this  extension.  Indeed,  it  seems  to  me  that  none 
can  be  expected,  since  considerations  drawn  from  the  theory 
of  invariants  and  the  group  theory  place  definite  limitations 
on  the  applicability  of  this  method  of  research. 

Poincare  *  constructed  a  fundamental  system  with  inte¬ 
grals  of  the  form : 

2/»  O)  =  «“  +“■  +  Jr . )  •  (H) 

The  «,  I,  and  a’s  are  constants,  and  a  and  X  have  different 
values,  in  general,  for  each  fundamental  integral.  The  co¬ 
efficients,  the  a’s,  are  determined  directly  by  substituting  the 
series  in  the  given  equation.  In  general,  only  divergent 
series  result,  which  converge  absolutely  for  the  one  value, 
x  =  oo  .  They  are  therefore  said  to  represent  the  integrals  of 
the  equation  asymptotically,  and  are  aptly  termed  asymptotic 
solutions.  It  may  be  of  interest  to  note  that  solutions  of  this 
sort  were  proven  by  Poincare  to  exist  for  the  problem  of  three 
bodies.  He  also  demonstrated  the  non-existence  of  solutions 
of  Fuchs’s  form  for  this  problem,  except  in  cases  already  long 
known. 

Thome, f  who  has  investigated  equations  some  of  whose 
integrals  are  regular  and  the  others  irregular,  arrived  at 
irregular  integrals  having  much  the  same  form  as  Poincare’s 
asymptotic  solutions,  and  having  identical  properties. 

Systems  of  fundamental  integrals  analogous  to  those  just 
mentioned  were  also  deduced  by  Poincare  J  by  means  of  an 
application  of  Laplace’s  transformation.  He  substituted  the 
integral 

f  v  (z)  e“  dz  (I) 

c 

for  y  and  determined  v  (z)  subject  to  the  condition  that  the  inte- 

*  Acta  Matliematica,  vol.  vii. 
f  Crelle’s  Journal,  vols.  74,  75,  and  76. 
t  American  Journal  of  Mathematics,  vol.  vii. 
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gral  (I)  satisfy  the  differential  equation  when  taken  around  the 
singular  points  of  v  (z).  This  transformation  has  been  much 
used  and  with  great  success  in  the  study  of  Fuchsian  equa¬ 
tions,  many  properties  of  these  being  more  easily  deduced 
by  its  use  than  by  any  other  method  of  analysis.  One  of  its 
applications  in  this  connection  is  to  calculate  the  constants 
in  the  linear  relations  subsisting  between  members  of  differ¬ 
ent  fundamental  systems.  A  good  example  of  this  use  is 
given  in  Goursat’s  thesis,  reprinted  in  Craig’s  treatise.* 
Group  theory. — I  now  take  up  the  consideration  of  the  most 
important  advance  that  has  been  made  in  our  theory  in  recent 
years.  This  advance  consists  in  the  extension  and  application 
of  the  ideas  of  the  Galois  group  theory  to  the  theory  of  linear 
differential  equations.  This  advance  is  due  in  the  main  to  two 
members  of  the  French  school,  Picard  and  Vessiot.  Picard’s 
results  were  first  made  known  to  the  world  in  a  short  note 
published  in  1883, t  but  he  subsequently  amplified  his  work, 
and  his  first  discoveries,  together  with  much  additional 
matter,  was  made  the  subject  of  a  memoir  which  appeared  in 
18874  He  has  several  times  recurred  to  the  subject  in  short 
notes  published  from  time  to  time  in  the  Comptes  Rendus.  § 
Vessiot,  who  may  be  said  to  have  completed  Picard’s  work, 
embodied  his  researches  in  his  thesis  published  in  1892. || 
More  recently  still,  in  1896,  Picard  If  has  given  a  good  but 
brief  presentation  of  the  theory.  He  has  also  recast  many 
of  Vessiot’s  propositions  and  placed  the  foundations  of  the 
theory  on  a  firm  arithmetical  basis. 

Both  these  mathematicians,  more  particularly  Vessiot,  base 
their  work  on  results  obtained  by  the  late  Sophus  Lie,  the 
great  originator  of  the  theory  of  continuous  groups,  an  idea 
which  promises  to  become  the  dominant  idea  in  modern 

*  Craig  (Thomas) :  Differential  equations  with  uniform  coefficients. 
New  York,  1889. 

t  Comptes  Rendus,  April,  1883. 

X  Annales  de  la  Faculte  des  Sciences  de  Tolouse,  1887. 

\  Comptes  Rendus,  October,  1891,  and  December,  1895. 

||  Annales  de  PEcole  Normale,  1892,  p.  197. 

^[Trait6  d’ Analyse.  Paris,  1896,  vol.  iii. 
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mathematics.  While  the  foundations  of  the  theory,  as  re¬ 
constructed  by  Picard,  avowedly  dispense  with  the  quasi- 
geometrical  ideas  of  Lie,  yet  Lie’s  work  has  paved  the  way 
for  its  future  extension  and  application. 

These  researches  mark  the  beginning  of  a  new  epoch  in 
the  theory  of  the  linear  equation  which  promises  much  for 
the  future. 

In  the  attempt  to  present  a  connected  outline  of  the  theory 
I  will  first  state  some  well-known  properties  of  the  general 
linear  group,  then  state  the  principal  theorems  on  which  the 
general  theory  is  based,  and  conclude  with  some  applications. 

If  yuy2, . 2/a  he  any  system  of  integrals  of 

the  general  equation  (A),  it  is  also  satisfied  by  any  linear  com¬ 
bination  of  these  integrals  with  constant  coefficients,  as, 


F=  (h  y1  +  a2  2/2  +  «3  Vs . 2/a- 

It  has  been  already  stated  that  if  there  is  no  linear  relation 
with  constant  coefficients,  as, 

Vl  +  ^2  2/2  +  «3  2/3  +  Vi . .Vs  =  (J ) 


where  s  <  n,  the  general  integral  of  equation  (A),  could  be  so 
expressed.  If,  now,  we  have  given  n  linearly  independent  in¬ 
tegrals  such  as  yu  y.if  .....  ya,  we  can  form  another  system 

of  n  integrals,  Yv  F2, . Fn,  with  constant  coefficients 

analogous  to  Yv  which  will  also  be  linearly  independent. 

These  Fs,  so  formed,  constitute  a  system  of  linear  substi¬ 
tutions  which  form  a  group — that  is,  a  repetition  of  the  opera¬ 
tion  results  in  a  substitution  of  the  same  form  as  the  first. 
Take,  for  example,  the  case  of  an  equation  of  the  second 
degree.  We  have 

Y1  =  an  yx  +  au  y2, 

F  “  ^21  Vl  ^22  2/2* 

Suppose  we  form  a  second  system, 

Yi  +  bx 2  Fj 

f2=62i  f + bn  F-r ; 

5— Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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Eliminating  the  Y s  by  means  of  relation  (1),  we  have 

—  (f 11  an  +  ^12)  2/i  T"  (ai2  ^11  T-  ^12  ^22)  2/25 

^2  ==  (^21  ^11  H-  g21  622)  2/1.  +  (^21  ^12  T-  ^22  ^22)  2/21 


which  is  a  substitution  of  the  same  form  as  the  first. 
The  general  linear  group  can  be  written  as  follows  : 


U  '  *hi  Vi  "h  ai2  2/2  “h  ^13  2/3 

^2  =  «21  2/l  +  «22  2/2  +  «23  2/3 


«ln  2/n1 


«2n  2/n. 


=  «nl  2/l  +  «n2  2/2  +  <*n3  2/3 


«nn  2/n*  J 


As  long  as  a  condition  of  the  form  ( J)  does  not  subsist  between 
the  ff s  this  is  a  group  of  n 2  independent  parameters. 

The  application  of  the  theory  of  the  general  linear  group 
to  the  linear  differential  equations  is  based  on  the  idea  of  the 
irreducibility  of  these  equations.  This  idea  is  also  borrowed 
almost  without  change  from  the  theory  of  algebraic  equa¬ 
tions.  Its  extension  to  linear  differential  equations  was  first 
made  by  Frobenius.*  The  fundamental  theorems  demon¬ 
strated  by  him  are  as  follows : 

(a)  A  linear  differential  equation  is  irreducible  if  it  has  no 
integral  common  with  an  equation  of  the  same  nature  but  of  a 
lower  degree. 

(b)  When  an  equation  is  reducible  there  always  exists  an  equa¬ 
tion  of  the  same  nature  and  of  a  lower  degree  which  admits  all  of 
its  integrals. 

(c)  If  an  equation  has  one  integral  common  with  an  irreduci¬ 
ble  equation ,  it  admits  all  of  its  integrals. 

Using  these  theorems  as  a  basis,  the  two  following  funda¬ 
mental  theorems  were  proven  by  Picard  : 

(d)  All  rational  f  unctions  of  x  and  of  yx,y2, . y^and 

their  derivatives  which  can  be  expressed  as  rational  functions  of  x 

remain  invariable  when  one  performs  on  yXiy„ . yn  the 

substitutions  of  the  general  linear  group. 


*Crelle’s  Journal,  vol.  76. 
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And  the  converse  of  this  : 

(e)  All  rational  functions  of  x  and  of  yv  y2, . yn  and 


their  derivatives  which  remain  invariable  by  the  substitutions  of 
the  general  linear  group  are  rational  functions  of  x. 

As  a  necessary  consequence  of  the  last  two  propositions,  it 
can  be  deduced  that 

( f )  The  group  of  an  irreducible  equation  of  degree  n  contains , 
in  general ,  n2  independent  parameters — that  is,  it  coincides  with 
the  general  linear  group  (K). 

Also: 

(g)  If  an  equation  of  order  n  has  less  than  n2  independent 

parameters  in  its  group,  a  rational  relation  subsists  between  its 
integrals  y»y2, . yn  and  their  derivatives,  and  the  equa¬ 

tion  is,  in  general,  reducible. 

The  considerations  of  a  domain  of  rationality,  so  fruitful 
in  the  theory  of  algebraic  equations,  also  apply.  Hence  re¬ 
sults  a  method  of  determining  whether,  in  general,  the  inte¬ 
grals  of  one  equation  are  expressible  rationally,  in  terms,  of 
those  of  another  equation. 

The  application  of  the  theory  founded  on  the  foregoing 
theorems  furnish  us  with  no  means  of  solving  new  equa¬ 
tions — that  is,  no  means  of  actually  calculating  their  inte¬ 
grals.  It  does,  however,  establish  a  foundation  on  which  we 
can  base  a  classification  of  the  linear  differential  equations. 
This  classification  can  be  accomplished  by  determining  all 
the  subgroups  of  the  general  linear  groups  corresponding  to 
the  equations  of  orders  from  2  to  n  and  the  corresponding 
reduced  equations.  This  method  is  tedious  and  has  thus 
far  been  completely  carried  out  for  orders  2  and  3  only,  but 
the  results  are  sure,  and  many,  and  important  ones  may  be 
expected  from  its  future  extension. 

The  following  is  an  outline  of  some  of  the  results  obtained 
by  applying  the  method  to  the  simplest  case,  n  =  2.  The 
general  linear  group  corresponding  to  this  case  has  four 
independent  parameters. 

It  is : 

hi  =  On  Vi  4-  ■ 

^2  =  «21  Vi  +  «22  2/2* 
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The  corresponding  equation  is  : 

g+Pl(z)g  +  2U*)2/  =  °. 

In  the  case  of  the  subgroup  of  one  independent  parameter 
the  group  may  have  two  different  forms.  The  first  is : 

Y1  =  y1om, 

Y2  =  y2o», 

in  which  m  and  n  are  integers.  The  corresponding  equation 
of  the  second  order  breaks  up  into  two  reduced  equations  of 
the  form 

in  which  R  (a)  denotes  a  rational  function  of  x ,  equations 
obviously  solvable  by  a  simple  quadrature.  The  second  form 
of  the  group  of  one  parameter  is : 

Yi  =  y» 

Y=yi  6i  +  Vv 

In  this  case  one  of  the  integrals  is  rational  and  the  other  is 
given  by  an  equation  of  the  form 

^l  +  R,  (x)y  =  R,(x), 

an  equation  solvable  by  a  quadrature. 

The  subgroup  of  two  parameters  has  the  form : 

Yi  =  2/n 

Y\  —  2/i  ^1  2/2* 

The  corresponding  equations  are : 


g  +  *,(«)S  =  0, 
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both  of  which  are  solvable  by  quadratures.  The  second  is 
the  well-known  equation  of  Riccati.  It  has  an  integral  in 
common  with  the  first. 

The  subgroup  of  three  parameters  can  take  on  eight  differ¬ 
ent  forms.  It  will  be  sufficient  to  state  that  the  equations 
corresponding  to  these  reduced  groups  are  of  a  less  general 
form  than  the  irreducible  equation  of  four  parameters.  The 
most  general  form  of  the  equation  of  the  second  degree,  in¬ 
tegrate  by  quadratures,  corresponds  to  a  subgroup  of  three 
parameters. 

Fuchs  *  has  obtained  a  very  beautiful  result  pertaining  to 
equations  of  the  third  order  which  may  be  appropriately  men¬ 
tioned  here,  since  it  has  been  restated  in  terms  of  the  group 
theory  by  Picard.f  Fuchs  showed  that  if  a  rational  relation 
of  the  form, 


R  (2/1 2/2  2/3)  =  0, 

subsists  between  the  integrals  of  an  equation  of  the  third 
order,  two  cases  present  themselves : 

First.  If  the  degree  of  the  relation  R  (; y1  y2  y3)  is  higher  than 
the  second,  the  equation  of  the  third  order  is  reduced  to  one 
solvable  by  quadratures. 

Second.  If  the  relation  R  (yx  y2  y3 )  is  of  the  second  degree, 
the  equation  of  the  third  order  is  reduced  to  one  of  the  second 
order. 

Lastly,  I  consider  the  celebrated  problem  of  the  solution 
of  linear  differential  equations  by  means  of  quadratures. 
This  problem  is  analogous  to  the  more  famous  one  in  algebra, 
viz.,  the  solution  of  equations  by  means  of  radicals.  The 
latter  problem  was  first  shown  in  its  true  light  by  means  of 
the  theory  of  groups.  To  Yessiott  belongs  the  honor  of 
first  determining  the  conditions  to  be  satisfied  in  order  that 
a  linear  differential  equation  may  be  solvable  by  quadratures. 

*  Acta  Mathematica,  vol.  i. 

fTraite  d’  Analyse,  vol.  iii,  p.  550. 

X  Annales  de  l’Ecole  Normale,  1892,  p.  197. 
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He  proves  that : 

(h)  The  necessary  and  sufficient  conditions  that  must  be  ful¬ 
filled  in  order  that  a  linear  differential  equation  may  be  solvable 
by  a  succession  of  quadratures  is  that  its  group  be  of  the  form 

■hi  —  un 

Y2  a21  yx  -f-  a22  y2) 

=  a31  yx  -j-  a.i2  y2  -f-  a33  2/3? 


hn  =  anl  y1  +  an2  y2  +  anSy a  .  . . ana  yn. 

Lie  had  previously  discovered  this  group  and  named  it  the 
integrable  group.  In  terms  of  the  group  theory  the  theorem 
may  be  stated : 

(i)  The  necessary  and  sufficient  condition  which  must  be  ful¬ 
filled  in  order  that  a  linear  differential  equation  may  be  solvable 
by  quadratures  is  that  its  group  be  an  integrable  one. 

Also : 

(j)  If  an  equation  is  integrable  by  quadratures  its  group  is  an 
integrable  one. 

It  follows  from  these  theorems  that  the  case  in  which  a 
general  linear  differential  equation  is  integrable  by  quadra¬ 
tures  is  a  very  special  one. 

Conclusion. — The  advance  made  in  the  theory  of  linear 
differential  equations  is  considerable,  yet  much  remains  to  be 
done.  As  it  stands  today  the  theory  may  be  regarded  as 
fairly  complete,  only  for  Fuchs’s  special  class  of  equations. 
Comparatively  little  has  been  accomplished  in  the  theory  of 
those  equations  which  have  irregular  integrals.  These  con¬ 
stitute  much  the  larger  class.  The  existence  of  an  integral 
represented  by  a  series,  with  a  circle  of  convergence  about 
an  ordinary  point,  has  been  established,  but  this  series  has 
been  calculated  in  but  few  cases.  Fundamental  systems  com¬ 
posed  of  solutions  represented  by  series,  with  circles  of  con¬ 
vergence  described  about  a  singular  point,  systems  so  essential 
for  a  complete  study  of  the  function  defined  by  the  equation 
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have  been  constructed  for  still  fewer  cases.  It  is  true  systems 
have  been  deduced  composed  of  the  so-called  asymptotic  solu¬ 
tions,  but,  as  we  have  seen,  these  series  are,  in  general,  di¬ 
vergent.  While  much  important  work  has  been  done  in 
recent  years  toward  establishing  the  legitimacy  of  the  use  of 
divergent  series,  much  yet  remains  to  be  done  before  they  can 
take  their  place  in  analysis  on  the  same  footing  with  con¬ 
vergent  series.  Borel  *  has  given  an  excellent  summary  of  the 
most  important  results  in  this  extensive  field  in  his  memoir 
recently  awarded  a  prize  by  the  French  Academy. 

The  importance  of  the  application  of  the  ideas  of  the  group 
theory  to  linear  differential  equations  can  hardly  be  over¬ 
estimated.  The  study  of  the  linear  group  provides  us  with 
a  means  of  arriving  at  the  relations  existing  between  the 
functions  defined  by  the  linear  equations  and  the  algebraic 
and  Abelian  functions,  as  well  as  the  relations  of  these  func¬ 
tions  with  one  another.  The  results,  being  at  once  applicable 
to  all  linear  equations,  are  the  most  general  obtainable.  The 
theory  also  enables  many  demonstrations  to  be  arithmetized 
which  have  hitherto  depended  on  intuitive  concepts.  This 
arithmetization  of  mathematics  is  now  admitted  to  be  a  step 
of  essential  importance,  since  the  methods  of  research  inau¬ 
gurated  by  Weierstrass  and  his  followers  have  come  to  be 
generally  understood,  and  the  inadequacy  of  our  intuitive 
concepts  to  enable  us  to  form  correct  ideas  of  the  true  nature 
of  functions  has  been  generally  recognized. 


*  Ann  ales  de  l’Ecole  Normale,  1899. 
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Engaged  in  the  work  of  geodesy  and  astronomy,  the 
author  of  this  paper  made  several  trips  to  the  Hawaiian 
Islands.  Although  little  attention  could  be  given  to  eth¬ 
nological  or  linguistic  studies  on  account  of  professional 
duties,  contact  with  the  natives  incidentally  brought  out 
points  which  seemed  interesting. 

Struck  by  the  occurrence  of  peculiar  grammatical  forms, 
and  finding  unusual  mental  habits  among  the  Kanakas 
induced  by  their  ethical  ideas,  it  was  thought  worth  while 
to  briefly  note  these  facts.  Parallels  have  been  drawn  be¬ 
tween  Polynesian  and  European  constructions,  and,  as  bear¬ 
ing  on  the  formation  of  language,  some  incidents  are  related 
illustrating  characteristic  lines  of  thought. 

Grateful  acknowledgment  is  here  made  to  Dr.  Cyrus 
Adler,  of  the  Smithsonian  Institution,  for  valuable  sugges¬ 
tions  as  to  the  arrangement  of  the  material. 


6— Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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I. — Introduction. 


Geographical  Limits  of  Languages  Considered. — The  establish¬ 
ment  of  the  Oceanic  family  of  speech  has  been  characterized 
by  Max  Mhller  as  one  of  the  most  brilliant  discoveries  in  the 
science  of  language.  Both  on  account  of  the  wide  geograph¬ 
ical  limits  involved  and  the  scanty  basis  of  comparison,  a 
study  of  these  groups  is  beset  with  difficulties.  Think  of  the 
immense  space  and  time  separating  the  localities  and  occur¬ 
rences.  From  New  Zealand  on  the  south  to  Formosa  on  the 
north ;  from  Easter  island  on  the  east  to  Madagascar  on  the 
west,  covering  a  territory  of  208°  of  longitude  and  88°  of  lati¬ 
tude — nearly  one-fourth  the  habitable  surface  of  the  globe — 
we  find  a  root  language  governed  by  the  same  grammatical 
system  and  pervaded  by  the  same  modes  of  thought.  We 
shall  have  occasion  later  to  point  out  certain  peculiarities 
which  are  common  to  all  the  Oceanic  languages,  but  which 
are  radically  distinct  from  any  branch  of  the  Indo-European 
family,  showing  that  Oceanic  speech,  in  the  great  struggle 
of  the  race  to  acquire  an  instrument  of  analysis,  has  been  de¬ 
veloped  from  a  fundamental,  separate  type,  and  in  its  origin 
had  nothing  in  common  with  the  stock  to  which  European 
tongues  are  referred.  Between  some  of  the  islands  there  has 
been  no  contact  for  thousands  of  years ;  yet  their  linguistic 
connection  is  unmistakable  and  everything  points  to  deriva¬ 
tion  from  a  common  source.  They  have  the  same  customs 
and  mythology ;  the  laws  of  euphony  regulating  the  change 
from  one  consonant  to  another  are  fixed  and  uniform ;  the 
mold  into  which  sentences  are  cast,  the  coordination  of 
phrases,  the  mutual  dependence  of  ideas,  all  reflect  the 
thought  habits  of  an  identical  race. 

Classification  of  Oceanic  Languages. — The  Hawaiian  is  one 
branch  of  the  Polynesian  group  of  the  great  Oceanic  family. 
An  analysis  of  the  structure  shows  that  six  groups  can  be 
logically  defined,  namely,  the  Polynesian,  Micronesian, 
Papuan,  Australian,  Malayan,  and  the  Malagasy.  Each  one 
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of  these  embraces  distinct  branches,  having  close  affinities 
with  one  another.  For  example,  the  Polynesian  includes 
the  language  of  Hawaii,  Fiji,  Samoa,  Marquesas,  and  Tahiti. 
The  Micronesian  comprises  the  Gilbert,  Marshall,  and  Caro¬ 
line  islands ;  and  so  on  through  all  the  members  of  the  family, 
ending  with  Madagascar,  which  is  the  center  and  type  of 
the  Malagasy  group.  When  we  consider  that  this  vast  ter¬ 
ritory  of  speech,  from  America  on  the  east  to  Africa  on  the 
west,  with  its  families,  groups,  branches,  and  dialects  almost 
numberless,  has  been  reduced  to  a  permanent  and  philo¬ 
sophical  system  of  syntax,  we  do  not  wonder  that  one  of  the 
most  profound  students  of  comparative  philology  refers  to 
the  achievement  as  a  discovery  of  the  greatest  importance. 

Dispersion  of  Terms. — Before  passing  to  an  analysis  of  Ha¬ 
waiian  speech,  one  word  on  the  theory  of  dispersion.  It  is 
admitted  that  all  the  Oceanic  languages  were  derived  from 
one  very  ancient  tongue,  now  lost.  The  Malagasy  has  felt 
the  influence  of  the  Arabic,  and  the  Malay  shows  unmistak¬ 
able  contact  with  the  Sanskrit ;  yet  the  great  tidal  wave  of 
emigration,  which  was  ever  from  west  to  east  in  the  Pacific, 
swept  on  and  preserved  intact  the  structural  features  of  the 
original  form.  The  theory  that  each  dialect  has  an  indig¬ 
enous  base,  and  that  words  common  to  all  were  introduced 
through  commercial  intercourse,  is  entirely  inadequate.  In 
the  first  place,  the  connection  was  far  too  slight  to  produce 
the  effect  mentioned,  and  in  the  next  place  the  common  words 
are  not  those  ingrafted  and  absorbed  by  intercourse,  but  are 
such  as  are  in  every  known  language — the  oldest  and  the 
commonest.  When  the  Normans  came  to  England  they  in¬ 
troduced  many  words;  but  they  could  not  displace  those 
simple  names  of  natural  objects  as  sun,  moon,  etc.,  nor  those 
indicating  intimate  family  relations,  such  as  father,  mother, 
brother,  sister — terms  always  dear  to  the  heart  of  humanity 
and  jealously  guarded  against  foreign  intrusion  and  corrup¬ 
tion.  Just  so  in  the  Pacific.  The  words  common  to  all 
branches  of  the  group  are  those  which  from  the  very  nature 
of  things  must  have  been  in  use  from  time  immemorial. 


THE  LANGUAGE  OF  HAWAII. 


43 


This  fact  alone  explodes  the  theory  that  the  dispersion  of 
terms  was  the  result  of  intercourse.  It  is  confidently  be¬ 
lieved  by  some  philologists  that  the  old  Egyptian  word  ra 
(the  sun)  is  still  preserved  in  the  la  of  Hawaii,  as  in  Hale-a¬ 
ka-la,  meaning  the  house  of  the  sun  ;  l  and  r  are  still  inter¬ 
changeable  in  Hawaii,  and  the  word  being  not  only  one  of  the 
commonest,  but  also  associated  with  certain  forms  of  worship, 
has  tenaciously  held  its  place  through  all  the  varying  influ¬ 
ence  of  ages. 

The  original  home  of  the  Polynesian  race  was  one  of  the 
Malay  islands — probably  Sumatra— and  the  modern  Hawai¬ 
ian  s  exhibit  the  primitive  state  of  civilization  in  those  islands ; 
but  the  dialects  have  diverged.  The  Philippine  islands  now 
offer  the  purest  type  of  speech,  since  here  may  be  found  all 
the  grammatical  forms  which  appear  more  or  less  complete 
in  the  other  groups.  These  islands,  therefore,  hold  the  same 
linguistic  place,  compared  with  sister  groups,  that  we  find 
exemplified  by  Tours  in  France,  Valladolid  in  Spain,  and 
Hanover  in  Germany.  By  some  mysterious  law  of  nature 
these  sections  have  kept  their  speech  nearer  the  standard, 
and  may  be  fairly  designated  as  the  purest  type  of  the  com¬ 
mon  language. 

Introduction  of  Spanish  Words. — One  of  the  most  potent 
factors  in  the  modification  of  language  is  commercial  inter¬ 
course.  Similarity  has  been  noticed  between  certain  Ha¬ 
waiian  words  and  those  of  identical  meaning  in  Spanish. 
They  furnish  evidence  of  early  contact  between  the  two 
nationalities.  Here  are  a  few  examples : 

The  words  mate  in  Kanaka  and  malar  in  Spanish  both 
mean  to  kill;  poko  in  Kanaka  means  the  same  as  poco  in 
Spanish  ;  piko  means  the  same  as  pico  in  Spanish,  as  in  ka 
piko  o  ka  mauna. 

Where  do  these  native  words  come  from  ?  Does  the  fol¬ 
lowing  offer  any  explanation  ? 

An  old  tradition  relates  that  in  the  reign  of  Kealiiokaloa 
a  foreign  vessel  was  wrecked  on  the  south  shore  of  Hawaii, 
The  only  persons  saved  were  the  captain  and  his  sister. 
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They  were  kindly  received  by  the  natives,  intermarried  with 
them,  and  became  the  progenitors  of  well-known  families  of 
chiefs.  Counting  back  through  well-established  genealogy 
and  allowing  thirty  years  to  a  generation,  the  wreck  must 
have  taken  place  between  1525  and  1530. 

Three  Spanish  vessels  left  Mexico  on  October  31,  1527, 
bound  for  the  Molucca  islands,  in  the  East  Indies.  Two  of 
them  were  lost.  No  other  white  people  were  navigating  the 
Pacific  at  that  period,  and  it  seems  reasonably  certain  that 
the  wrecked  vessel  was  one  of  the  three  sent  out  by  Cortez. 
Their  westward  course  lay  to  the  southward,  and  the  violent 
kona  storms  of  the  Pacific  would  carry  them  toward  Hawaii. 
On  the  return  trip  they  went  north  to  latitude  30°,  to  take 
the  westerly  winds,  and  thus  passed  far  above  the  islands. 
This  explains  why  Hawaii,  although  known  to  the  Spaniards, 
was  seldom  visited  by  them.  Old  charts  in  the  archives  at 
Madrid  show  conclusively  that  the  Hawaiian  islands  were 
known  during  the  sixteenth  century.  This  bit  of  history  and 
tradition  may  possibly  explain  similar  terms  in  Spanish  and 
Kanaka,  of  which  there  are  many.  On  the  island  of  Hawaii 
may  be  found  at  the  present  day  an  apparently  full-blooded 
Kanaka  child,  with  pure  South  Sea  features,  yet  possessing 
a  white  skin  and  a  complexion  similar  to  that  sometimes  seen 
in  the  Spanish-Moorish  mixture.  Will  any  one  say  that  this 
may  not  be  a  recurrence  and  manifestation  of  certain  influ¬ 
ences  in  times  past  ?  Examples  are  not  wanting  in  our  own 
race  where  effects  appear  after  having  lain  dormant  for 
generations. 

II. — Phonology. 

Vowels  and  Consonants.—hQt  us  now  examine  the  language 
from  the  standpoint  of  sound.  The  Kanaka  ear  is  as  deli¬ 
cate  in  detecting  vowels  as  it  is  dull  in  the  distinction  of 
consonants.  When  Isaac  Pitman  invented  phonography  he 
used  the  straight  line  and  parts  of  a  circle  to  represent  the 
English  consonants. .  They  were  classified  into  labials,  dentals, 
gutturals,  liquids,  etc.,  and  the  same  signs,  made  heavy  or 
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light,  were  applied  to  different  sounds  of  the  same  class.  Now 
it  happens  that  his  classes  are  precisely  those  in  which  the 
Polynesian  ear  makes  no  distinction.  For  instance,  with  the 
labials  p  and  b,  we  may  say  either  taburoa  or  kapuloa;  we 
may  say  Honorourou  or  Honolulu.  As  a  matter  of  fact,  the 
first  form  is  invariably  found  in  the  earlier  accounts  of  the 
islands.  Ask  a  Kanaka  which  is  right,  taburoa  or  kapuloa , 
the  reply  will  invariably  be  that  his  ear  detects  no  differ¬ 
ence.  The  term  means  great  taboo  and  is  used  now  as  an 
injunction  against  trespass.  This  shows  that  the  Ha- 
waiians,  in  their  inability  to  distinguish  between  b  and  p , 
d  and  t,  g  and  k ,  l  and  r,  and  v  and  w,  are  following  a  natu¬ 
ral  law  of  human  utterance,  namely,  that  certain  sounds 
similarly  made  readily  coalesce,  and  without  impairing  the 
context  may  be  used  interchangeably.  The  fact  also  became 
evident  when  the  problem  of  writing  English  phonograph- 
ically  was  confronted.  In  phonographic  characters,  p  and  b 
have  the  same  length  and  slope.  They  only  differ  in  shad¬ 
ing,  a  detail  of  minor  importance,  since  the  substitution  of 
one  sound  for  the  other  in  the  spoken  word  involves  little 
uncertainty  in  the  meaning. 

Two  invariable  rules  lie  at  the  foundation  of  all  Polynesian 
speech.  Every  word  must  end  in  a  vowel,  and  no  two  conso¬ 
nants  can  be  pronounced  without  at  least  one  vowel  interven¬ 
ing.  Only  one  word  has  ever  been  printed  in  Hawaiian  with 
two  consonants  together.  That  word  is  Kristo  Christ.  But 
any  number  of  vowels  may  be  pronounced  consecutively,  as  in 
the  word  hooiaioia  meaning  certified,  where  we  have  eight  con¬ 
tinuous  vowel  sounds.  Compare  this  with  the  English  word 
“  strengths,”  where  we  have  nine  letters  and  only  one  vowel. 
Before  attempting  the  pronunciation  of  this  word  an  Ha¬ 
waiian  would  have  to  transform  it  by  the  introduction  of  at 
least  eight  vowels.  No  less  would  suffice  to  make  it  utterable 
by  Polynesian  organs  of  speech,  and  the  probability  is  that 
many  more  would  be  interjected  in  the  hopeless  struggle  to 
give  birth  to  such  an  angular  product  of  English  speech. 
Take  also  the  expression,  Eiaeoe  ia  ia,  meaning  Speak  thou  to 

7— Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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him  there.  This  is  a  complete  sentence  of  six  words  in  which 
not  one  consonant  appears  to  mar  euphonic  beauty  or  to 
disturb  the  easy  liquid  flow  of  vowels,  so  dear  to  the  Ha¬ 
waiian  ear. 

The  importance  of  the  vowels  in  the  Polynesian  languages 
is  such  that  if  we  open  a  Hawaiian  dictionary  we  find,  not 
the  order  of  letters  given  in  English,  but  a  totally  different 
one.  First  come  all  words  beginning  with  the  vowels  a  e  i 
o  u;  then  those  beginning  with  the  consonants  h  h  l  mn 
p  w.  This  completes  the  list  of  all  pure  Hawaiian  sounds — 
twelve  in  number.  Nine  additional  consonants,  h  df  g  r  s 
t  v  z,  have  been  introduced  from  foreign  tongues,  because 
new  words  took  root  in  the  language.  In  passing,  we  may 
say  that  the  Plawaiian  consonants  are  probably  the  softest 
and  most  effeminate  of  the  Oceanic  group.  In  a  dictionary 
of  502  pages,  111  were  found  devoted  to  the  vowels,  387  to 
the  native  consonants,  and  5  to  the  foreign  ones,  so  that  the 
words  introduced  are  about  one  per  cent  of  the  total  number. 

Cacophony. — There  is  a  natural  aversion  in  most  languages 
to  the  consecutive  repetition  of  the  same  sound,  and  espe¬ 
cially  so  between  words.  An  example  is  given  on  page  52, 
under ‘‘syntax,”  of  affirmation  by  means  of  the  article  he.  The 
phrase  he  pono  ole ,  however,  is  never  pronounced  as  written, 
the  o  is  elided,  and  we  say  he  pon  ole ,  just  as  the  Spaniards 
in  rapid  speech  use  boca  bajo  instead  of  boca  abajo.  So 
strong  is  this  sentiment  that  rules  of  gender  are  sometimes 
made  to  give  way  so  that  euphony  mav  be  preserved,  and 
the  method  observed  in  Italian  finds  application  in  Hawraii. 
Instead  of  saying  na  alii,  the  chiefs,  the  Kanakas  drop  a 
letter  and  say  na ’  lii.  The  Italians  say  bel  originale,  avoid¬ 
ing  the  repetition  of  o ;  the  French  use  mon  amie  and  the 
Spanish  el  agua,  in  order  to  eliminate  the  same  disagreeable 
effect.  In  English  the  combination  is  equally  distasteful  and 
we  say  an  apple ;  yet  the  Hawaiians  do  sometimes  violate  this 
rule  in  the  middle  of  words.  Notice  the  artifices  employed 
in  the  different  languages  to  avoid  cacophony.  The  Kanakas 
prefer  elision ;  the  French  and  Spanish  are  willing  to  break 
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another  rule  of  speech  in  order  to  satisfy  the  ear,  and  couple 
words  of  opposite  genders,  while  English  avoids  the  difficulty 
by  supplying  a  letter.  The  methods  employed  exemplify 
characteristic  national  traits.  The  Hawaiian  accomplishes 
his  purpose  in  any  way  that  diminishes  labor ;  he  therefore 
cuts  out  rather  than  introduces.  The  energy  of  the  Anglo- 
Saxon  prompts  him  to  interject  something,  and  the  Latins, 
true  to  their  natural  instinct,  sacrifice  symmetry  of  form  to 
euphony  of  sound. 

The  Guttural  Break. — Besides  the  Hawaiian  sounds  previ¬ 
ously  cited  there  is  a  guttural  break  which  represents  the 
elision  of  the  k  in  other  Polynesian  dialects.  It  is  indicated 
by  a  comma,  just  as  the  circumflex  accent  in  French  indi¬ 
cates  the  suppression  of  a  letter  or  syllable  in  earlier  forms. 
This  break  is  an  essential  part  of  the  word,  and  a  disregard 
of  it  completely  changes  the  meaning.  For  example,  ao 
means  light,  a’o  means  to  teach  ;  ia  means  he,  Ta  means  fish. 
There  are  many  examples  of  this  in  the  language. 

As  we  pass  from  Sanskrit  to  Gothic,  and  on  to  high  Ger¬ 
man,  a  regular  mutation  in  the  appearance  of  certain  con¬ 
sonants  is  found.  No  less  evident  than  this  law  of  Grimm 
is  the  change  of  Polynesian  sounds,  and,  although  neither 
rule  is  infallible,  both  are  useful  in  tracing  certain  paths  of 
development. 

The  l  in  Samoan  becomes  r  in  New  Zealand  and  returns 
to  the  original  letter  in  Hawaii.  The  p  in  Samoan  is  b  in 
Tongan,  and  is  again  p  in  Hawaii ;  v  in  Samoan  is  w  in  New 
Zealand,  but  remains  w  in  Hawaii.  The  k  in  New  Zealand  is 
replaced  by  the  guttural  break  in  Tahiti  and  Hawaii.  The 
vowels,  however,  undergo  fewer  changes  than  the  consonants. 

Meanings  of  aa. — The  definition  of  words  by  context  neces¬ 
sarily  finds  wide  application  in  the  stage  of  development 
now  reached  by  the  language  of  Hawaii.  The  sound  indi¬ 
cated  by  the  letter  a  is  probably  the  most  common  in  the 
entire  range  of  articulation.  Standing  alone,  it  has,  like  many 
others,  a  variety  of  meanings ;  but  doubled,  it  answers  to 
nearly  thirty  significations,  many  of  them  of  the  most  diverse 
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nature.  To  begin  with,  aa  may  be  either  a  verb,  adjective, 
or  noun,  and  some  of  its  meanings  are : 

to  burn ,  to  tempt ,  to  defy ,  to  girdle ,  to  make  a  noise ,  £o 
send  love. 

Then  it  may  mean — 

spiteful ,  silent,  stony ,  mischievous. 

And  finally  it  stands  for— 

fire,  belt,  dumbness ,  roofe  of  trees,  pocket,  bag,  dwarf,  lava, 
covering  for  the  eyes,  bird  of  prey,  caul  of  animals,  sea 
breeze  at  Lahaina,  husk  of  the  cocoanut,  chaff,  outside  of 
seeds  or  fruit,  red  fish. 

Add  to  these  some  adjectives  that  may  be  derived  from 
verbal  meanings  and  the  number  may  be  considerably  in¬ 
creased.  It  is  evident  that  a  necessary  condition  for  the  suc¬ 
cessful  employment  of  a  word  of  such  unlimited  power  is 
great  flexibility  of  construction.  The  groundwork  of  the 
language  must  be  free  from  intricate  forms  of  syntax. 

Used  alone  a  may  be  a  noun,  an  adverb,  a  conjunction,  a 
preposition,  an  interjection,  a  verb,  or  an  adjective.  Under 
each  part  of  speech  it  has  several  meanings.  Here  are  a  few 
when  it  is  used  as  a  noun  :  First,  the  jawbone ;  second,  an 
instrument  made  of  smooth  bone,  used  in  piercing  unborn  infants ; 
third,  broken  lava ;  fourth,  white  spots  in  poi ;  fifth,  a  sea  bird ; 
sixth,  a  small  fish;  seventh,  the  alphabet. 

III. — Morphology. 

General  Characteristics. — We  now  proceed  to  develop  the 
peculiar  genius  of  the  Polynesian  languages,  and  of  the  Ha¬ 
waiian  in  particular.  They  differ  radically  from  the  Indo- 
European  family,  which  stands  preeminent  for  the  perfection 
of  its  organic  structure,  in  three  essential  particulars : 

1.  They  are  completely  devoid  of  inflections. 

2.  The  vowel  sounds  largely  predominate. 

3.  The  construction  has  great  flexibility. 
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Most  writers  on  the  subject  fall  into  the  natural  habit  of 
comparing  the  Oceanic  with  the  European  tongues,  and 
analogies  more  or  less  real  are  indicated.  These  are  often 
stretched  beyond  the  limits  warranted,  perhaps  with  the 
laudable  object  of  easing  the  student’s  path.  The  fact  is  the 
Oceanic  family  of  languages  is  a  distinct  and  separate  crea¬ 
tion,  and  must  be  studied  on  entirely  different  lines  from 
those  followed  in  Western  speech.  The  inflections  of  our 
highly  cultivated  tongues  add  symmetry  and  elegance,  but 
do  not  necessarily  give  flexibility.  Even  barbarous  dialects 
can  furnish  in  certain  directions  more  varied  locutions  for 
the  conveyance  of  thought ;  for  instance,  in  the  Hawaiian 
language  gender  is  denoted  in  two  ways.  There  are  five 
methods  of  distinguishing  number.  There  are  ten  cases. 
There  is  almost  endless  variety  in  the  arrangement  of  words, 
depending  on  the  order  of  preference. 

The  Singular  and  Plural  Distinctions. — The  five  ways  of  in¬ 
dicating  number  are : 

1.  By  changing  the  article,  as  in  most  European  languages, 
and  saying  lea  hale ,  the  house,  or  na  hale ,  the  houses ; 

2.  By  the  use  of  the  plural  sign  mau,  which  can  be  associ¬ 
ated  with  any  noun.  Thus  they  have  he  mau  lio,  several 
horses ;  or — 

3.  One  may  employ  a  collective  noun  ;  as  in 

he  poe  haumana ,  a  company  of  disciples ; 
keia  pae  moku ,  these  islands ; 
he  pu’u  pohaku,  a  pile  of  stones. 

Poe  is  applied  to  living  things,  pae  to  lands  and  islands, 
and  pulu  to  lifeless  objects.  These  shades  of  meaning,  inva¬ 
riably  observed,  impart  a  vividness  to  the  language  unknown 
to  Western  speech; 

4.  By  shifting  the  accent ;  as,  kanaka ,  a  man ;  kanaka ,  men. 
And,  finally — 

5.  The  same  idea  may  be  expressed  by  using  the  word 
ma,  which  means  literally  a  company. 

Here,  then,  are  five  distinct  ways  of  expressing  an  idea  for 
which  only  two  exist  in  our  own  language. 
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Tense  and  Case. — The  distinctions  of  time  are  never  so  def¬ 
inite  as  in  other  languages,  the  chief  attention  being  centered 
on  the  accidents  of  place.  The  word  ana  denotes  contin¬ 
uance,  and  may  be  past,  present,  or  future.  Thus  e  liana 
ana  au  may  mean,  I  am  working,  I  was  working,  or  I  will  be 
working,  according  to  the  connection. 

Take  the  relations  of  case.  There  are  ten.  The  six  cases 
of  Latin  are  well  defined,  and  four  of  them- — the  genitive, 
accusative,  vocative,  and  ablative — each  have  two  shades  of 
meaning,  for  which  only  one  means  of  expression  exists  in 
English.  Not  only  this,  but  one  of  the  subgenitives,  the 
aui  pili,  has  two  significations  for  which  we  have  only  one. 
This  difference  is  so  distinct  in  the  Hawaiian’s  mind  that  the 
distinguishing  words  are  seldom,  if  ever,  used  interchange¬ 
ably.  In  designating  the  cases,  recourse  is  necessarily  had 
to  Hawaiian  terms,  since  no  European  tongue  provides  suffi¬ 
cient  names.  The  extreme  development  of  the  case  relation 
is  seen  by  comparison.  The  English  has  4 ;  the  Latin,  6 ; 
the  Sanskrit,  8,  and  the  Polynesian,  10. 

The  formation  of  words  is  one  of  the  interesting  phases  of 
the  language.  As  in  all  uncultivated  tongues,  intensity  of 
expression  is  accomplished  by  repetition.  This  may  be  done 
by  doubling  a  letter,  a  syllable,  or  even  two  syllables,  as 

a  means  to  burn,  aa  to  burn  hotly ; 
naki  means  to  bind,  nakiki  to  bind  tightly ; 
pulu  means  wet,  pulupulu  very  wet. 

A  noted  distinction  before  referred  to  in  speaking  of  case 
is  made  between  active  and  passive  relations,  as  indicated 
by  the  prepositions  a  and  o.  If  we  refer  to  the  house  a  man 
built,  we  use  a ;  if  he  simply  lives  in  it,  we  use  o — e.  g. : 

ka  hale  a  Keawe  means  the  house  that  Keawe  built ; 
ka  hale  o  Keawe  means  the  house  that  Keawe  lives  in. 

a  is  employed  in  speaking  of  a  man’s  wife ;  o  in  speaking 
of  his  maid  servant — e.  g. : 

ka  wahine  a  Keawe  means  Keawe’s  wife  ; 
ka  wahine  o  Keawe  means  Keawe’s  maid  servant. 


THE  LANGUAGE  OF  HAWAII. 


51 


The  literal  translation  is  the  woman  of  Keawe,  but  whether 
she  bears  the  relation  of  wife  or  servant  is  indicated  by  the 
choice  of  prepositions.  By  the  mere  change  of  one  sound  in 
the  sentence  a  husband  may  imply  volumes  of  meaning. 

A  refers  to  an  oven  for  you  to  cook  with ;  o  to  an  oven  for 
you  to  be  cooked  in.  In  New  Zealand  they  say — 

he  hangi  mau ;  to  cook  with ;  but 
he  hangi  mou ;  to  be  cooked  in. 

This  introduction  of  a  particle  to  completely  change  the 
meaning  is  common  in  some  of  the  Romance  languages. 
Take  the  example  in  Spanish : 

Mi  hermano  quiere  una  criada ;  and — 

Mi  hermano  quiere  a  una  criada. 

The  first  means  that  my  brother  wants  a  maid  servant ; 
the  second,  that  he  loves  one. 

j Forms  Similar  to  the  French. — A  striking  similarity  to  the  « 
French  exists  where  the  noun  is  inserted  between  the  two 
parts  of  the  pronoun — e.  g. : 

ua  moku  nei  =  ce  navire-ci  =  this  ship ; 
ua  moku  la  —  ce  navire-14  =  that  ship ; 
ua  nei  being  here  a  strong  demonstrative. 

Note  also  the  resemblance  between 

keia  and  kela — meaning  this  and  that — and 
ceci  and  cela. 

The  idea  of  everything  would  be  expressed  in  Kanaka  by 
that  thing,  this  thing,  kala  mea  keia  mea. 

In  this  phrase  we  see  again  the  lack  of  generalizing  power 
of  the  Polynesians. 

The  Hawaiian  is  one  type  of  the  agglutinated  languages. 
The  combination  of  the  article  with  a  proper  name  forms  a 
new  compound,  in  which,  however,  the  original  signification 
of  the  article  is  lost.  The  names  of  two  of  Hawaii’s  famous 
queens  may  be  cited  as  examples. 

Kapiolani  means  the  heavenly  prisoner ;  Liliuokalani  is 
the  lily  of  heaven. 
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IV. — Syntax. 

Relative  Pronouns. — When  we  come  to  compare  the  Poly¬ 
nesian  languages  with  the  Indo-European  from  the  point  of 
view  of  syntax,  many  interesting  peculiarities  are  developed. 
The  fact  that  all  their  mental  action  follows  special  lines  in¬ 
volves  a  radical  modification  of  our  methods  of  expression. 
Some  of  our  constructions  apparently  necessary  and  certainly 
logical  cannot  be  employed. 

No  relative  pronoun  has  ever  been  found  in  Hawaiian. 
This  does  not  involve  a  lack  of  logical  clearness.  From  their 
mode  of  thinking  they  find  little  use  for  relatives  ;  but  the 
meaning  is  just  as  unequivocal  as  though  the  sentence  were 
constructed  after  a  Latin  model. 

For  example, 

0  ka'u  poe  Ice  ilci  lea  poe  nana  ha  laau , 
means  literally, 

My  children  are  those  for  them  the  timber ; 
or,  freely  translated : 

My  children  are  those  who  will  own  the  timber. 

Absence  of  Verbs. — In  this  last  sentence  we  see  several  pecu¬ 
liarities.  In  the  first  place,  o  is  used  simply  for  euphony.  It 
cannot  be  translated  into  English.  Then  the  word  poe  has 
no  equivalent.  In  the  next  place,  there  is  no  verb.  Some 
of  the  strongest  and  clearest  affirmations  are  made  in  Ha¬ 
waiian  without  any  kind  of  a  verb ;  there  is  no  verb  in 
the  language  to  express  the  idea  of  existence.  The  structure 
of  the  idiom  does  not  require  it.  Neither  is  there  any  verb 
to  express  having  or  possessing,  nor  to  express  duty  or  obli¬ 
gation,  nor  to  affirm  any  quality  as  belonging  to  any  sub¬ 
stance  ;  but  these  ideas  are  necessary  in  the  communication 
of  thought.  How,  then,  do  the  Hawaiians  express  them  ? 
In  various  ways : 

1.  By  particles  of  affirmation,  as  :  he  alcamai  kona ,  a  skill 
his — i.  e.,  he  has  skill.  A  construction  similar  to  this  is  found 
in  Hebrew  and  other  Semitic  languages. 
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2.  By  he,  a  simple  article,  as :  he  pono  ole,  a  good  not — 
i .  e.,  good  does  not  exist  therein.  In  other  words,  it  is  un¬ 
righteous. 

3.  Affirmation  is  sometimes  expressed  by  the  pronouns 
ia,  eia,  Jceia,  etc.,  as : 

0  ia  ka  poe  i  liele  mai  (the  o  is  emphatic). 

(Those  were)  the  people  who  came. 

In  fact,  verbs  play  a  very  subordinate  part  in  the  language 
and  are  seldom  employed,  since  their  place  is  supplied,  as 
occasion  arises,  by  other  parts  of  speech.  Take  the  sentence 
that  appears  on  the  Hawaiian  coins : 

ua  mau  he  ea  o  ka  aina  i  ka  pono ;  meaning 

(is  continued)  the  life  of  the  land  by  righteousness. 

The  affirmation  seems  to  be  made  in  the  first  word,  ua, 
although  this  is  sometimes  a  supernumerary  word,  or  at  least 
an  auxiliary  one. 

Position  of  Nouns. — A  peculiarity  about  nouns  is  that  they 
may  stand  in  almost  any  part  of  the  sentence  except  at  the 
beginning.  The  whole  method  of  affirmation  is  unique.  It 
may  be  done  by  several  parts  of  speech.  Here  is  an  example 
where  a  noun  contains  the  idea  : 

I  ka  po  ka  lakou  hana ;  meaning 
In  the  night  was  their  work. 

In  the  following  case  there  is  no  verb  in  the  sentence,  and 
the  pronoun  contains  the  declaration  within  itself : 

( Oia)  ka  mea  i  loaa  i  ka  waiwai ;  meaning 
(That  is)  the  thing  to  obtain  wealth. 

Some  phrases  are  difficult  to  understand.  This  was  once 
found  in  good  Hawaiian  : 

0  makou  hoi,  o  na  elemakule  kane,  a  me  na  elemakule 
wahine  ; 

which  literally  means : 

We  also,  the  old  men  males  and  the  old  men  females. 

8— Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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Just  what  is  implied  therein  has  baffled  more  than  one  Ha¬ 
waiian  scholar.  The  idea  may  be  akin  to  that  contained  in 
the  Spanish  phrase,  Voy  a  dar  un  abrazo  a  mis  padres,  where 
the  word  padres  is  employed  when  both  father  and  mother 
are  meant,  the  meaning,  of  course,  being  that  he  is  going  to 
embrace  both  of  them. 

French  and  German  Constructions. — In  certain  constructions 
two  negatives  are  necessary,  just  as  they  are  in  French.  Nele 
means  to  lack,  and  ole  means  not;  yet  they  are  both  em¬ 
ployed,  and,  taken  together,  have  the  force  of  one  negative 
only,  as : 

Nele  na  Kanaka  o  Honolulu  i  he  kumu  ole. 

This  ole  in  our  idiom  would  be  superfluous,  but  the  Ha¬ 
waiian  requires  it.  The  French  ne-pas  is  precisely  parallel, 
and  the  French  equivalent  of  the  Hawaiian  phrase  is : 

Les  gens  de  Honolulu  n’ont  pas  d’instituteur. 

The  interjection  of  words  between  two  parts  of  a  verb  as 
in  the  German  is  very  common,  as : 

Na  lawe  main  ia  he  dala. 

The  other  form  would  be  with  laweia  as  one  word ;  and  the 
phrase  translated  into  German,  using  a  separable  verb  to 
show  the  correspondence,  would  be  : 

Man  nahm  das  Geld  heimlich  weg. 

Here  is  a  case  where  the  regular  German  separable  verb 
construction  is  duplicated  in  Hawaiian. 

Flexibility. — The  Polynesians  avoid  inflection.  But  if 
their  language  is  loose  and  cumbersome  in  this  respect  there 
are  corresponding  advantages.  Indeed,  from  this  very  fact 
great  flexibility  becomes  a  necessity,  and  any  sentence  may 
be  cast  in  a  variety  of  ways,  depending  on  the  idea  which  is 
to  take  precedence  or  acquire  emphasis.  Take  the  phrase, 
“  I  give  this  to  you.”  Here  we  have  five  words.  The  sen¬ 
tence  may  have  as  many  different  arrangements  in  Hawaiian, 
according  to  the  shade  of  meaning  sought.  When  it  is  de- 
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sired  to  bring  out  the  fact  that  an  object  is  given  and  not 
loaned,  the  words  ke  haawi  take  precedence,  as : 

Ke  haawi  aJcu  nei  an  i  Jceia  ia  oe. 

When  prominence  is  given  to  the  idea  that  it  is  I  and  not 
some  one  else  who  gives,  the  form  is : 

Owau  ke  haawi  aku  nei  i  keia  ia  oe , 

and  so  on  through  the  five  different  arrangements,  each  lay¬ 
ing  stress  on  a  different  idea  and  all  perfect  models  of  pure 
Hawaiian  syntax.  It  cannot  be  denied  that  this  flexibility 
gives  to  the  language  a  power  and  subtlety  unknown  in  the 
inflected  tongues. 

We  are  all  familiar  with  that  inimitable  scene  in  the 
Bourgeois  Gentilhomme,  of  Moliere,  where  a  lover  repeats  in 
five  different  ways:  “Fair  Marquise,  your  beautiful  eyes 
make  me  die  of  love.”  The  actor  succeeds  in  revealing  an 
ardent  passion,  but  his  French  is  intolerable.  An  untutored 
Kanaka  from  the  South  seas  would  have  been  able  to  bring 
out  in  his  native  speech  all  these  shades  of  meaning,  impos¬ 
sible  in  the  cultured  language  of  France.  But  the  French 
language,  proud  mistress  that  she  is,  will  not  tolerate  those 
liberties  of  construction  that  the  Polynesian  tongues  not  only 
permit  but  even  court.  The  higher  the  civilization,  the  more 
acute  are  the  forms  of  thought.  The  more  exacting  the  rules 
of  syntax  become,  the  more  limited  appears  the  capacity  for 
flexibility. 

It  is  a  peculiar  trait  of  the  language  that  the  same  word 
may  be  used  as  a  verb,  noun,  adjective,  or  adverb.  As  an 
example,  let  us  take  the  common  word  aloha,  and  we  have : 

As  a  verb :  ke  aloha  aku  nei  au  i  kuu  hoalauna — 

I  love  my  friend. 

As  a  noun :  he  aloha  kona  i  kona  hoalauna — 
he  had  love  for  his  friend. 

As  an  adjective :  he  alii  aloha  no  ia  i  kona  hoalauna — 
he  is  indeed  a  loving  chief  to  his  friend. 
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As  an  adverb :  liana  aloha  ae  la  kela  ia  ia — 

that  person  treated  him  with  friendship  (love). 

Even  the  pronoun  I  can  be  used  as  a  verb.  A  native,  relat¬ 
ing  his  reply  to  the  question  as  to  who  possessed  a  hat,  said : 

Owau  aba  la  no  hoi  au ,  owau, 
which  translated  literally  is : 

I  “  ied  ”  to  him,  I 

that  is, 

I  said  to  him  I  had. 

But  then  our  language  is  sometimes  given  similar  license. 
A  schoolmaster  once  asked  for  an  example  of  an  interroga¬ 
tive  pronoun  used  as  a  verb.  No  one  was  able  to  reply  suc¬ 
cessfully  except  a  mischievous  urchin  who  had  been  thrashed 
for  saying  what,  and  his  answer  was,  “  Give  me  that  stick  and 
Til  what  you.  ” 


V. — Special  Peculiarities. 

Volubility . — The  language  of  Hawaii  is  extremely  voluble. 
The  comparative  ease  with  which  the  same  ideas  may  be  re¬ 
peatedly  expressed  in  a  different  form,  and  apparently  as 
new  material,  is  shown  by  the  following  incident  which  hap¬ 
pened  during  my  visit. 

Owing  to  the  mixed  composition  of  the  Hawaiian  legisla¬ 
ture,  it  is  necessary  to  employ  continually  two  languages. 
All  speeches  in  English  are  immediately  translated  into  Ka¬ 
naka,  and  vice  versa.  On  this  occasion  the  interpreter  inno¬ 
cently  exposed  a  fundamental  characteristic  of  the  native 
tongue  in  replying  to  a  member.  An  Hawaiian  had  spoken 
possibly  ten  minutes  since  his  last  words  were  translated.  A 
friend,  anxious  that  nothing  of  importance  should  be  lost, 
asked  why  the  interpreter  did  not  perform  his  duty  and  give 
the  English-speaking  members  the  benefit  of  the  words  just 
uttered.  The  reply  was :  “  He  has  said  nothing  fresh  yet.” 
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The  speaker  had  simply  repeated  in  new  phraseology  the 
substance  of  his  previous  remarks,  and  so  skillfully  was  it 
done  that  the  friend,  although  somewhat  conversant  with 
the  tongue,  was  misled  by  Kanaka  volubility. 

Here  we  have  a  distinguishing  feature  in  Polynesian 
methods  of  thought.  By  its  very  simplicity,  its  lack  of  ge¬ 
neric  terms,  and  its  flexibility,  the  Hawaiian  tongue  is  capable 
of  almost  endless  expression  of  the  simplest  ideas.  As  we 
trace  the  growth  of  the  language,  influenced  by  the  peculiar 
environment  and  temperament  of  the  people,  the  causes  of 
its  unique  construction  become  apparent.  In  illustration  of 
this  idea  we  shall  add  a  few  remarkable  characteristics  of 
Oceanic  speech : 

Three  Numbers. — They  have  three  numbers :  the  singular, 
dual,  and  plural.  This  appeared  also  in  the  parent  speech 
of  Western  tongues,  and  was  preserved  in  the  Aryan,  old  Bul¬ 
garian,  and  in  (Homeric  and  Attic)  Greek ;  and,  however 
strange  in  English,  is  but  one  of  the  many  traces  of  an  early 
contact  in  the  primitive  tongues. 

Throughout  all  Polynesia,  and  even  as  far  east  as  the  In¬ 
dian  archipelago,  we  find  that  peculiar,  but  very  rational, 
idea  which  requires  the  use  of  a  distinguishing  word  when 
the  person  addressed  is  included  or  excluded  in  the  state¬ 
ment  made.  The  rule  applies  both  to  the  dual  and  plural 
numbers. 

Hele  maua  means  we  two  went,  excluding  the  person 
spoken  to. 

Hele  kaua  means  we  two  went,  including  the  person 
addressed. 

Of  course,  the  first  expression  requires  the  presence  of  at 
least  three  persons  ;  the  second  admits  the  presence  of  only 
two. 

Hele  makou  means  that  we  (myself  and  party)  went, 
but  not  you. 

Hele  kakou,  we  (myself  and  party)  went,  and  you  as 
well. 
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Changed  Meanings  of  Words. — It  is  a  fact  frequently  ob¬ 
served  that  one  nation  often  takes  a  word  from  a  foreign  lan¬ 
guage  and  gives  it  a  debased  meaning  in  its  own,  much  in 
the  same  spirit  that  one  religion  supplants  another  and  makes 
the  gods  of  the  old  one  the  devils  of  the  new.  Apporter  (to 
carry)  in  French  is  transformed  into  apportieren  in  German 
and  applied  to  dogs  as  a  hunting  term. 

Take  the  word  manger.  With  us  it  is  for  horses ;  in 
French  it  means  to  eat,  and  applies  also  to  men  and  women. 
The  word  saloon  here  means  a  low  drinking  place ;  in 
France  it  is  the  parlor.  These  linguistic  compliments  are 
mutual  between  two  of  the  Latin  countries  of  Europe. 
The  French  word  to  speak  (parler)  is  used  in  Spanish  to 
designate  one  who  talks  too  much  and  says  little  of  impor¬ 
tance  ( parlero ).  Reciprocally,  the  Spanish  word  to  talk 
( hablar )  serves  a  similar  purpose  across  the  Pyrenees,  and 
a  Ilableur  is  one  with  many  words  and  few  thoughts  and 
who  goes  about  telling  lies.  Each  nation,  by  implication, 
casts  a  slur  on  the  other.  We  all  know  what  it  is  to  take 
French  leave.  So  do  the  French — only  they  call  the  same 
thing  going  off,  after  the  English  fashion,  s’en  oiler  a  Van - 
glaise.  We  speak  of  the  leprosy  being  a  disease  of  the 
Hawaiian  islands.  The  Hawaiians  call  it  mai  poke  (Chi¬ 
nese  disease).  The  same  principle  was  exemplified  in  Europe 
in  the  sixteenth  century.  The  Italians  called  it  French. 
These,  in  turn,  threw  it  on  the  Spanish ;  and  so  it  went.  No 
country  was  willing  to  father  it. 

These  facts  are  cited  by  way  of  contrast  with  what  took 
place  in  Hawaii.  The  tendency  here  was  to  give  words  and 
ideas  absorbed  through  external  intercourse  an  elevated 
meaning.  Their  conception  of  foreigners  was  one  of  supe¬ 
riority.  Captain  Cook  was  the  personification  of  their  God, 
and  he  is  still  spoken  of  as  Lono)  one  of  the  four  deities  of 
Hawaiian  mythology.  No  human  being  was  ever  feared  or 
worshipped  as  he,  and  notwithstanding  the  tragic  circum¬ 
stances  of  his  death,  the  natives  could  not  entirely  relinquish 
the  supernatural  idea,  nor  bring  themselves  to  give  up  the 
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illusion  of  a  reappearance  of  their  Savior,  to  which  many 
still  cling  after  long  association  with  the  whites. 

It  so  happened  that  words  that  came  to  the  natives  through 
the  medium  of  beings  believed  to  be  associated  with  the  Gods 
were  taken  to  represent  better  things  than  they  originally 
designated. 

Special  Descriptive  Terms.- — The  Hawaiian  is  a  child  of 
nature.  Nothing  can  exceed  the  vividness  with  which  nat¬ 
ural  things  are  portrayed.  Almost  every  conceivable  wind 
has  a  special  name.  Kona  is  a  wind  from  the  southwest ; 
hoolna,  a  strong  north  wind  ;  ea ,  the  sea  breeze  at  Lahaina ; 
ulumano ,  a  violent  wind  at  night  on  the  west  side  of  Hawaii ; 
mumuJcu,  a  wind  blowing  between  two  mountains ;  kiu ,  a 
northwest  wind  at  Hana  Kaupo ;  hau,  a  land  breeze  that 
blows  at  night ;  and  so  on  almost  indefinitely.  Notice  that 
special  terms  are  given  to  local  winds.  Just  how  the  sea 
breeze  at  Lahaina  differs  from  that  at  other  places  does  not 
appear;  nevertheless  ea  applies  to  this  locality  and  to  none 
other. 

Every  day  of  the  month  has  its  special  name.  They  count 
by  nights  and  not  by  days.  Po  akahi  means  the  first  night, 
i.  e.,  Monday,  po  alua,  the  second  night,  or  Tuesday,  and  so 
on.  There  are  six  different  words  meaning  to  carry  ;  ten  to 
express  the  different  ways  of  standing ;  twenty  that  apply  to 
various  positions  of  sitting.  This  shows  with  what  vivid 
imagery  the  Hawaiian  describes  the  actions  of  every  day  life. 
Here  are  a  few  examples  of  shades  of  meaning  for  the  word 
carry : 

hali,  to  carry,  in  general. 

auamo,  to  carry  on  the  shoulder  with  a  stick. 

JcaH  Ica’i,  to  carry  in  the  hands. 

Mi,  to  carry,  as  a  child  in  the  arms. 

hoi,  to  carry  on  a  stick  between  two  men. 

haawi,  to  carry  on  the  back,  etc.,  etc.,  etc. 

When  the  missionaries  came  to  translate  the  Bible  they 
met  an  unexpected  difficulty.  It  was  necessary  to  decide 
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between  the  ages  of  Mary  and  Martha,  because  it  is  impos¬ 
sible  to  speak  of  .two  sisters  in  the  Hawaiian  language  with¬ 
out  indicating  which  is  the  older.  I  do  not  know  that  any¬ 
thing  is  said  in  the  Scriptures  fixing  definitely  the  relative 
ages  of  these  two  persons.  The  translators  were  obliged  to 
decide  from  the  context,  in  the  absence  of  explicit  and  posi¬ 
tive  information  on  the  subject. 

The  childlike  and  primitive  character  of  the  language  is 
shown  in  the  absence  of  abstract  words  and  general  terms, 
as  also  in  the  continual  repetition  of  syllables.  The  first 
words  pronounced  by  our  own  children  are  a  repetition  of 
two  of  the  easiest  sounds,  pa-pa,  ma-ma.  The  Hawaiians 
carry  this  to  excess.  Take  the  word  humu  humu  nuku 
nuku  apuaa .  This  consists  largely  of  repetitions,  and  is  the 
name  of  a  small  fish  considerably  shorter  than  its  name  as 
ordinarily  written.  Here  is  another  fish  —  muku  muku 
wahanui.  However,  in  this  case  it  suits  Hawaiian  ideas 
equally  well  whether  you  say  muku  muku  or  kumu  kumu. 
The  mere  fact  of  a  transposition  of  syllables  is  nothing  in  a 
language  where  there  are  20  conjugations  and  where  the 
verb  has  nearly  3,500  forms. 

Cadence. — Cadence  is  one  of  the  prime  features  in  all  the 
South  sea  dialects.  So  essential  is  this  considered  that  the 
tonic  accent  must  be  carried  forward  when  an  enclitic  is  em¬ 
ployed.  The  stress  is  usually  on  the  penultimate  in  the  word 
Lani  (heaven),  but  with  the  addition  of  la  it  falls  on  ni, 
and  we  say  ma  ka  lani' la.  Ua  moku  la,  already  given,  is 
another  example. 

How  much  more  rhythm  is  regarded  in  tropical  than  in 
northern  languages  may  be  seen  by  comparing  the  examples 
just  cited  with  the  Spanish,  where  they  say  deme  for  give  me 
and  demelo  for  give  me  it.  No  matter  how  many  enclitics 
are  employed,  the  accent  is  still  retained  in  its  original  place. 

Mathematical  Ideas. — Examine  their  system  of  counting. 
The  unit  is  four.  This  arose  from  taking  cocoanuts  and  fish — 
two  in  each  hand.  After  laying  aside  ten  units  of  four,  or 
forty,  they  turned  back  and  counted  another  forty.  This 


THE  LANGUAGE  OF  HAWAII. 


61 


process  was  continued  for  ten  forties,  which  took  the  name 
of  lau.  Ten  of  these  made  4,000,  or  memo;  and  so  they 
went  on  until  400,000  was  reached,  beyond  which  they  had 
no  conception.  This  was  the  old  system.  The  missionaries 
introduced  the  modem  way  of  going  to  ten  ( umi ),  then  join¬ 
ing  this  with  names  previously  used,  as — 

umikumamakalii,  ten  with  one,  for  11  ; 
umikumamalua,  ten  with  two,  for  12, 

and  so  on  to  twenty,  which  was  iwakalua.  Then  the  same 
method  was  continued,  as- — 

iwakaluakumamakahi,  twenty,  with  one,  etc. 

There  is  no  word  in  any  of  the  Polynesian  languages  to 
express  the  idea  of  a  definite  fraction.  Many  words  exist  to 
indicate  a  part ;  but  an  aliquot  part — something  that  is  con¬ 
tained  an  entire  number  of  times  in  the  whole — was  entirely 
beyond  their  mathematical  powers. 

Abundance  of  Words. — The  peculiar  character  of  the  Ha¬ 
waiian  language  is  shown  by  the  great  number  of  words 
employed  as  compared  with  the  Aryan  tongues.  Sometimes 
the  ratio  is  three  to  one.  We  say,  “  Forgive  our  debts  as  we 
forgive  our  debtors.”  Eight  words  express  the  idea  in  En¬ 
glish.  Twenty-four  must  be  employed  in  Hawaiian,  since  it 
is  necessary  to  say  : 

E  kola  mai  hoi  ia  makou  i  ka  makou  laivehala  ana  me 
makou  e  kala  nei  ikapoe  i  lawehala  i  ka  makou. 

A  few  examples  will  show  how  cumbersome  in  a  Polyne¬ 
sian  tongue  are  some  of  the  commonest  and  simplest  terms 
in  English.  Take  the  word  across.  In  Hawaiian  this  is  mai 
kekahi  aoao  a  i  kekahi  aoao  ae,  making  eight  words,  and  no 
shorter  way  of  rendering  the  idea  exists. 

Daily  would  be  expressed  by  kela  la  keia  la,  meaning  this 
day,  that  day ;  being  something  akin  to  the  Spanish  locution 
for  every  other  day,  un  dia  si  y  otro  no. 

Oratory ,  Religion ,  and  Poetry. — Besides  the  ordinary  lan¬ 
guage  of  life,  there  is  a  style  appropriate  to  oratory  and  one 

9 — Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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to  religion  and  poetry.  Any  one  who  has  heard  the  Kahuna 
chant  his  incantations  can  never  forget  the  doleful,  plaintive 
tone  which  invariably  accompanies  such  service. 

The  Hawaiians  are  passionately  fond  of  poetry.  They 
have  no  rhyme  or  meter  in  the  modern  sense,  and  no  con¬ 
ception  of  the  change  of  the  length  of  feet,  nor  the  shifting 
of  the  accent,  which  lends  such  a  charm  to  English  versifica¬ 
tion  ;  but  they  have  a  style,  highly  figurative,  appropriate 
to  different  classes  of  poetry. 

There  are,  first,  religious  chants.  Then  the  Inoas  or  name 
songs ;  these  were  composed  at  the  birth  of  kings.  Then  came 
the  dirges,  and  finally  the  Ipos  or  love  songs.  Here  is  an 
example  of  a  dirge  composed  at  the  death  of  Keeaumoku 
and  cited  by  Alexander  in  his  history  of  the  Hawaiian  peo¬ 
ple.  The  translation  is  by  Ellis : 

Alas,  alas,  dead  is  my  chief ; 

Dead  is  my  lord  and  my  friend  ; 

My  friend  in  the  season  of  famine ; 

My  friend  in  the  time  of  drought ; 

My  friend  in  my  poverty ; 

My  friend  in  the  rain  and  the  wind ; 

My  friend  in  the  heat  and  the  sun ; 

My  friend  in  the  cold  from  the  mountain  ; 

My  friend  in  the  storm ; 

My  friend  in  the  calm ; 

My  friend  in  the  eight  seas ; 

Alas,  alas,  gone  is  my  friend ; 

And  no  more  will  return. 

Imagery.  —  Notwithstanding  the  exceedingly  primitive 
nature  of  the  Hawaiian  language,  it  has  been  successfully 
employed  to  express  the  abstractions  of  mathematics,  and  is 
found  flexible  enough  to  deal  with  law  and  theology.  Of 
the  three  classes  of  words  found  in  all  languages,  namely, 
those  expressing  sensations,  images,  and  abstract  ideas,  the 
Polynesian  dialects  are  most  copious  in  the  second.  The 
several  dozen  words  already  cited,  indicating  different  posi- 
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tions  of  the  body  during  activity  or  repose,  give  abundant 
evidence  of  their  love  of  imagery. 

Their  vocabulary  is  exceedingly  rich  in  terms  relating  to 
the  sea,  the  sky,  and  the  surf;  their  cloud  terms  might 
well  rival  in  exhaustiveness  the  scientific  nomenclature  of 
the  modern  student  of  meteorology. 

Almost  eveiy  stick  in  a  native  house  bears  its  special  name. 
Each  one  of  the  six  houses,  that  every  well-to-do  Hawaiian 
was  supposed  to  have,  before  the  advent  of  the  whites,  had  its 
appropriate  use  and  name. 

These  were — 

1.  The  Heiau,  where  the  idols  were  kept. 

2.  The  Mua,  the  eating-house  for  the  husband. 

3.  The  Noa,  or  separate  house  for  the  wife. 

4.  The  Hale  aina,  or  eating-house  for  the  wife. 

5.  The  Kua ,  or  the  wife’s  work -house. 

6.  The  Hale  pea,  or  the  hospital  for  the  wife. 

To  fully  understand  these  arrangements  we  must  bear  in 
mind  that  during  the  reign  of  the  tabu,  men  and  women 
never  ate  together  under  any  circumstances.  The  food  of 
the  husband  could  not  be  cooked  in  the  same  oven  used  by 
the  wife,  and  pork  and  many  kinds  of  fish  were  absolutely 
prohibited  to  females;  but  they  could  eat  dog  and  fowl. 

The  custom  of  applying  a  term  connected  with  the  posi¬ 
tion  of  the  sun  to  designate  a  locality,  common  in  other 
countries,  finds  usage  in  Hawaii.  France  has  her  Midi,  Spain 
her  Levante  and  Poniente ,  and  the  Kanakas  their  Kan.  Kau 
means  summer  or  warm  season,  and  is  used  to  designate  the 
most  southern  province  of  Hawaii.  In  the  first  case  we  have 
the  name  of  the  hottest  part  of  the  day  given  to  the  territory, 
and  in  the  latter  the  name  of  the  hottest  part  of  the  year  is 
so  utilized. 

Seat  of  Moral  Powers— Parallel  Italian  Expressions. — The 
Hawaiians  supposed  that  each  man  had  two  souls.  One  died 
with  the  body,  the  other  lived  on  as  a  ghost,  and  was  known 
by  strange  squeaking  or  whistling  sounds  ( multi ),  like  the 
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ghosts  which  did  “  squeak  and  gibber  in  the  Roman  streets.” 
Polynesian  ethics  also  taught  that  the  seat  of  the  moral  powers 
was  in  the  small  intestines.  The  word  loko,  which  means 
within,  was  applied  to  the  moral  state  or  disposition.  This 
idea  was  so  prominent  that  large  stomachs  were  cultivated  as 
indicative  of  great  moral  strength.  The  word  papio  was 
applied  to  the  act  of  lying  face  downward  with  nothing  for 
the  belly  to  rest  on  for  the  purpose  of  enlarging  it  and  thus 
augmenting  the  moral  powers. 

This  peculiar  thought,  after  all,  is  not  very  far  removed 
from  that  contained  in  the  Italian  expressions,  amico 
sviscerato,  bosom  friend,  and  un  amove  sviscerato,  an  intense 
passionate  love — literally  a  disemboweled  love.  No  doubt 
the  idea  came  through  sources  where  a  belief  was  held  sim¬ 
ilar  to  that  prevalent  in  Hawaii.  Compare  also  Mi  ha 
levato  un  peso  dallo  stomaco,  He  took  a  weight  off  my  stomach ; 
likewise  the  sentence,  Quest  a  nuova  vi  ferira  nella  parte  piu 
cava  delle  vostre  viscere.  Besides,  there  has  always  been  more 
or  less  connection,  either  expressed  or  implied,  between  the 
mind  and  stomach.  It  was  in  the  Latin  language  that  the 
original  Greek  word  <rcp/ia  changed  its  meaning  from  mouth 
to  belly.  After  this  the  step  was  easy  from  the  organs  of 
digestion  to  those  of  sentiment,  and  we  find  many  examples 
in  the  Romance  languages  of  this  enlarged  meaning  of  the 
original  word.  So  the  idea  finds  expression  not  alone  in 
the  South  seas,  but  may  be  found  cropping  out  all  along  the 
road  of  linguistic  development,  whether  it  be  in  Greece  or 
Polynesia. 


SOME  DISCONTINUOUS  AND  INDETERMINATE 
FUNCTIONS.* 


BY 


Charles  Kasson  Wead. 


[Read  before  the  Society,  March  31,  1900.] 


Introduction. — In  many  physical  problems  we  have  to  deal 
with  discontinuous  quantities.  Up  to  a  certain  point  one 
law  holds ;  beyond  it,  another.  For  example,  in  Helmholtz’s 
discussion  of  the  motion  of  a  violin  string,  separate  equations 
are  needed  to  express  the  conditions  of  the  two  parts  of  the 
string.  Again,  we  may  desire  to  express  the  fact  that  an 
equation  is  indeterminate  within  certain  limits,  but  cannot 
be  satisfied  outside  of  them.  To  express  these  two  kinds  of. 
peculiarities  it  is  usually,  though  not  always,  necessary  to 
abandon  mathematical  expressions  and  use  words.  Some¬ 
times,  however,  imaginaries  may  indicate  the  change  of  the 
law.  Thus,  the  inequality  x2  +  y2  <  r2  is  satisfied  for  any 
point  within  the  circle  whose  radius  is  r,  but  has  imaginary 
roots  for  points  outside. 

It  is  the  purpose  of  this  paper  to  indicate  a  simple  method, 
or  an  extension  of  familiar  methods,  of  expressing  these  lim¬ 
itations  and  peculiarities. 

Description  of  the  Functions. — The  principle  on  which  the 
following  functions  are  based  was  suggested  by  a  considera¬ 
tion  of  the  equation 


(1) 


When  n  =  2  this  is  the  familiar  equation  of  an  ellipse 
having  semiaxes  a  and  b,  and  as  n  becomes  4,  6,  8,  etc.,  the 

*  A  part  of  this  matter  was  presented  at  the  Buffalo  meeting  of  the 
American  Association  for  the  Advancement  of  Science,  1886,  but  not 
published. 

10— Bull.  Phil.  Soc.,  Wash.,  Vol.  14.  (65) 
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locus  more  and  more  nearly  approaches  the  circumscribing 
rectangle,  2a  X  26.  If  n  =  2  go  ,  the  locus  coincides  with  the 
rectangle ;  so  it  is  discontinuous  at  four  points.  It  is  here 
assumed  that  what  is  true  up  to  the  limit  is  true  at  the  limit. 

2 

Similarly,  if  the  exponent  become  — ,  the  limiting  curve  will 

coincide  with  the  axes,  and  have  eight  points  of  discontinuity. 
It  is  to  be  particularly  noted  that  the  discontinuity  does  not 
arise  in  these  cases,  because  one  of  the  variables — for  ex¬ 
ample,  y — becomes  imaginary,  as  in  the  usual  cases  in  the 
text-books ;  nor  because  of  an  infinite  series,  as  in  some  har¬ 
monic  curves ;  nor  because  of  an  integration,  as  with  Diricli- 
let’s  so-called  factor  of  discontinuity  used  in  the  reduction 
of  multiple  integrals. 

We  see,  then,  that  an  expression  affected  with  an  infinite 
exponent  may  become  discontinuous  at  a  desired  point. 

Consider,  now,  more  carefulty  the  values  of  either  term  in 
the  first  member  of  equation  (1),  or  write 

*= ©"• 

Whatever  value  x  may  have  between  0  and  ±<x>  ,u  has  only 
three  values,  viz :  0,  1,  and  qo  ,  according  as  x  is  less  than, 
equal  to,  or  greater  than  ±  a;  the  second  of  these  holds  only  for 
an  infinitesimal  range  in  the  value  of  X,  and  will  be  disre¬ 
garded  in  what  follows. 

To  get  in  place  of  the  function  having  an  infinite  value 
when  x  exceeds  a,  one  that  is  finite,  a  further  step  is  needed. 
Take  any  positive  number,  N,  greater  than  unity  (10  is  con¬ 
venient,  so  that  if  one  desires  to  plot  the  series  of  curves  with 
exponents  increasing  up  to  infinity  he  may  use  common 
logarithms)  and  give  to  it  —  u  as  an  exponent,  thus : 

N~  (tt)  ’  (A) 

This  clearly  has  only  two  values,  viz : 

X  ~ 0  =  1  when  x  <  a, 
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We  are  now  to  multiply  various  equations  or  terms  by  an 
expression  of  the  form  (A),  making  the  exponent  such  a  func¬ 
tion  of  x,  y,  z,  etc.,  and  constants,  as  will  introduce  the  de¬ 
sired  limitations.  Cases  will  be  chosen  of  lines,  surfaces,  and 
solids,  and  some  involving  physical  laws.  For  brevity  the 
coefficient  2  before  qo  will  be  dropped ;  that  is,  <x>  will  be 
considered  to  be  the  limit  of  the  series  of  even  numbers. 
But  besides  the  monomial  factor  (A)  there  will  be  needed  a 
complementary  or  binomial  factor  of  discontinuity,  1  —  (A), 
of  the  form 

i— (B> 

whose  values  are 

1  —  N~°  =1  — 1  =  0  when  x  <  a ; 

1  —  iV  ~  00  —  1  —  0=1  when  x  >  a. 


Application  to  Lines. — Given  y  =  b  +  ax  as  the  equation  of 
a  line,  between  the  limits  x  =  -f-  c  and  x  =  — c;  outside  of 
these  limits  y  =  0  for  all  values  of  x;  required  an  equation 
expressing  all  these  conditions. 

We  have  simply  to  multiply  the  second  member  of  the 
equation  by  a  factor  of  the 
form  (A)  involving  x  and  c ; 
thus : 


(t)" 


y  —  {h  4-  ax)  N  \c 


Fig.  1  shows  the  form  of- — | 
the  locus.  That  the  por¬ 
tions  parallel  to  the  axis  of 
Y  belong  to  the  locus  will 
be  evident  if  one  constructs 
a  series  of  curves  with  num¬ 
bers  2,  4,  8,  etc.,  as  expo¬ 
nents,  instead  of  go  .  The 
convenience  of  assuming  oo 
to  be  even  is  clear;  for  if 


L  . 

~A  . | 

/*>./. 


Fig.  *■ 


Ffy.J. 


Fig.  4. 
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it  were  odd,  y  would  become  infinite  for  negative  values 
of  x. 

The  other  forms  of  discontinuous  straight  lines  need  no 
explanation,  whether  they  involve  factor  (A)  or  factor  (B). 


y=(b  +  ax)  |jl  —  N  (t)  J  ;  see  Fig.  2. 
y  =  b  +  axN  \c)  ;  see  Fig.  3. 
y  =  b  -b  ax  [  1  —  N~  (f  )  1  ;  see  Fig.  4. 


(2) 


(3) 


W 


Application  to  Surfaces. — In  the  cases  next  to  be  considered 
a  function  will  be  rendered  indeterminate  over  a  given  sur¬ 
face,  but  equal  to  zero  outside  of  it,  by  the  use  of  a  monomial 
factor  of  the  type  (A),  or  vice  versa  by  the  binomial  factor, 
type  (B). 

Take  first  a  circle  (Fig.  5)  whose  equation  is  z2  +  y1  =  r2, 
r  f  and  draw  through  it  the  straight 

line  EFf  the  general  equation  of 
which  is  y  —  yl  =  a  (x  —  xl).  Let 
\  yx  =  0,  xx  —  x,  and  a—  oo ,  the  line  be- 

J  1  F 9  J  ing  parallel  to  the  axis  of  Y;  then 


the  equation  reduces  to  y  —  oo  0. 
This  value  of  y  obviously  applies 
to  all  points  in  the  line  EFt  and  to 


E 


all  points  in  any  line  parallel  to  EF.  It  is  equally  obvious 
that  the  value  of  y  is  indeterminate  in  the  very  nature  of 
the  case  assumed,  and  so  a  determinate  value  of  y  cannot  be 
found  by  any  applications  of  the  calculus.  But  this  inde¬ 
terminateness  may  be  limited  to  that  part  of  EF  within  the 
circle  by  using  factor  (A)  with  a  suitable  exponent ;  thus 


(5) 


Precisely  the  same  expression  may  be  found  for  x;  so 
we  may  combine  the  two  and  write : 
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/ 3C2  -f-  ?/2\ 

by  which  is  meant  that  either  x  or  y  —  go  ON  v  V  )  . 

For  values  of  x  or  y  that  make  the  value  of  the  fraction 
less  than  unity,  the  value  of  “  the  factor  ”  is  unity,  so  the 
second  member  is  indeterminate.  But  if  the  value  of  “  the 
factor  ”  becomes  0,  the  second  member  reduces  to  zero,  and 
the  equation  cannot  be  satisfied  except  by  making  x  or  y—  0. 
Equation  (5')  therefore  represents  the  surface  within  the 
circle  and  the  portions  of  the  axes  outside  of  it.  Since  these 
outside  portions  are  only  lines,  they  must  be  neglected  when 
a  surface  is  under  consideration. 

Similarly,  to  represent  the  portion  of  a  plane  outside  of  a 
circle  of  radius  r,  write 


x,  y  =  co  0 


(6) 


The  surface  of  a  ring  bounded  by  concentric  circles  whose 
radii  are  R  and  r,  R  being  the  greater,  is  represented  by 


/  x~  4-  y-\ 00  I-  _  / x 2  +  .v2\  00  ~] 

x,  y  =  co  0  N  v  is2  /  1  —  N  V  r2  /  I .  (7) 

If  the  breadth  of  the  ring  is  r  (]/  3  —  1),  the  equation  may 
be  written 

/2  r2  —  x2  — 1/2\  00 

x,  y  —  co  0  N  v  r2  /.  (8) 

Here  the  equation  is  indeterminate  when  x 2  +  y2  >  r2  and 
<  3  r2.  This  is  an  example  of  exponents  in  which  the  vari¬ 
able  has  the  negative  sign.  Sometimes  these  prove  quite 
puzzling,  and  so  they  should  generally  be  avoided. 

Recalling  the  equation  for  a  rectangle,  we  get  for  the  sur¬ 
face  within  it  and  outside  of  it,  respectively, 

a, ?/ =  00  0iV_[(f)”  +  (1)"]  ;  (9) 

x,y  =  ao  0  (l  —  N~  C(l)“  +  (£)"]). 


(10) 
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Combining  (10)  and  (5'),  assuming  a  —  b  <  r,  gives  the 


equation  of  the  surface  within  the  circle  and  outside  the 


square  whose  side  is  2  a ,  like  a  Chinese  coin  (Fig.  6),  thus  : 


The  equation 


represents  the  32  black  squares  in  an  ordinary  chessboard. 


The  first  factor  limits  the  indetermi- 
nateness  to  four  squares  in  any  direc¬ 
tion  from  the  origin,  a  being  the  side 
of  the  square.  Without  this  factor 


Fi^' 6  the  board  would  be  of  indefinite  ex¬ 


tent. 


This  is  an  example  of  periodic 
indeterminateness. 


Application  to  Solids. — These  will  probably  require  no  ex¬ 
planation.  Their  difference  from  the  former  equations  con¬ 
sists  essentially  in  that  three  variables  are  required.  Take 
three  illustrations : 

The  equation 


represents  any  point  outside  of  an  ellipsoid — e.  g.,  any  point 
in  space  outside  of  the  earth. 

The  equation 


x,y,z  =  <*> 


represents  any  point  within  the  parallelopiped  whose  edges 
are  2  a,  2  b,  2  c ;  or  in  the  same  sense  in  which  equation  (5') 
represents  a  surface,  equation  (14)  represents  a  solid. 
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The  equation 


w=ooo 

+0ooiv-{(f)"+(T)”+(f)”+(i— sr 


(15) 


2£Z\°°  | 

12  a)  ) 


represents  a  ladder,  assumed  vertical,  the  origin  being  at  the 
center  of  the  middle  rung.  The  first  term  gives  the  sides,  of 
length  2  L  and  diameter  2  R.  The  second  term  gives  the 
rungs,  which  have  a  length  2  l ,  breadth  2  b,  and  height  2  a. 
The  distance  between  their  centers  is  6  x  2  a,  and  they  are 
inserted  half  way  through  the  sides. 

Application  to  Physical  Problems. — We  give  two  illustra¬ 
tions,  as  follows : 


The  equation 

JF=^[l-iV-(i)"]  (16) 

represents  the  attraction  between  a  homogeneous  spherical 
shell,  infinitely  thin,  having  radius  R  upon  a  mass  at  a  dis¬ 
tance  r  from  the  center.  When  r  <  R  the  force  becomes  zero. 

The  equation 

v=  k  [l  —  N~  (1)“]  +  k  (3  B?  —  r2)  N  -  (-rT  (17) 


represents  the  potential  of  a  particle  at  a  distance  r  from  the 
center  of  a  spherical  homogeneous  mass  of  radius  R.  The 
first  term  is  finite  for  points  outside  the  sphere,  the  second 
term  for  points  inside. 


VECTOR  DIFFERENTIATION. 


BY 

Alexander  Macfarlane. 


[Read  before  the  Society  March  31,  1900.] 


In  1895  I  read  a  paper  before  the  American  Mathematical 
Society  on  Differentiation  in  Space  Analysis  *  in  which  it  was 
shown  that  there  are  two  distinct  kinds  of  differentiation,  * 
and  that  only  one  of  these  is  treated  of  in  works  on  quater¬ 
nions.  These  two  kinds  of  differentiation  arise  from  the  fact 
that  in  space  analysis  the  order  of  the  operations  is  in  gen¬ 
eral  material ;  for  instance,  the  product  of  the  square  of  each 
of  two  versors  is  different  from  the  square  of  the  product  of 
the  simple  versors ;  so  to  differentiate  the  factors  in  situ  gives 
a  different  result  from  differentiating  the  product  as  a  whole. 

It  is  the  first  kind  of  differentiation  which  is  discussed  by 
Hamilton  and  Tait ;  it  involves  the  peculiarity  that  there  is 
in  general  no  differential  coefficient,  and  in  consequence  the 
generalized  form  of  Taylor’s  theorem  is  difficult  to  express. 
The  second  kind  of  differentiation  yields  a  differential  co¬ 
efficient,  and  Taylor’s  theorem  remains  unaltered  in  form, 
only  the  order  of  the  terms  in  the  binomial  must  be  pre¬ 
served  in  the  terms  of  the  expansion.  Let  AB  denote  the 
product  of  two  vectors;  the  former  kind  of  differentiation 
gives 

d(AB)  =  dA  B  +  AdB; 
and  for  the  square  of  the  vector, 

d  (A2)  =  dA  A  +  A  dA. 

*  Science,  vol.  i,  page  302. 

11— Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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The  latter  kind  of  differentiation  gives 

d  (. AB )  =  A  dB  +  B  dA , 


and  for  the  square, 


d  ( A)2  =  2  A  dA. 


In  the  latter  case  the  differentials  dA  and  dB  are  supposed 
to  be  subsequent  to  both  A  and  B,  whereas  in  the  former 
case  dA  is  supposed  to  be  prior  to  B.  The  former  may  be 
called  internal ,  the  latter  external ,  differentiation.  I  do  not 
say  that  one  form  of  differentiation  is  true  and  the  other 
false.  I  say  that  there  are  two  distinct  forms  of  differenti¬ 
ation.  They  differ  in  result  because  they  differ  in  nature. 
In  vector-differentiation  it  is  the  new  form  which  is  of  prin¬ 
cipal  importance,  and  in  the  present  paper  I  shall  indicate 
some  of  the  developments  which  it  yields  immediately. 

Let  S  denote  a  vector,  s  its  spherical  modulus,  and  a  its 
spherical  axis ;  then,  according  to  the  new  form  of  differen¬ 
tiation,  n  denoting  any  integral  positive  number, 

dSn  =  nSn  ~ 1  dS ;  or 
dSn 


dS 


=  nS* 


dsn  —  nsn  1  ds ,  as  usual ; 
d(7n  =  nt7n  ~ 1  d<r  ;  or 

and 

dS n  =  d  (sn  tfn)  ==nsu~1  dsan  T  wsn  ~ 1  d<r. 


d<jn 

d(7 


If  we  write  d <yn  =  ~ 1  d<r  where  the  d<r  is  written  after  the 
(Tn  ~  \  it  follows  that  the  proper  way  to  write  the  differential 

coefficient  is  not  for  the  latter  will  differ  from 

dff  ’  dt y 

the  former  by  minus  when  n  is  odd. 

The  symbol  for  vector  differentiation  is  p,  called  nabla 
by  Robertson  Smith  on  account  of  its  resemblance  to  an 
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Assyrian  harp.  The  operation  so  denoted  was  discovered 
by  Hamilton,  and  he  was  led  to  the  discovery  by  asking  the 
question,  What  is  the  square  root  of  Laplace’s  operator, 

A  +  A  +  A? 

<W  \  Stf  ^  <Sz2  ■ 


He  reasoned  that,  since  ix  +  jy  •+*  kz  is  the  square  root  of 
—  {x?  +  y*  +  z 2),  the  square  root  of  the  negative  of  Laplace’s 
operator  is 


.  8  ..  8 


He  perceived  that  the  discovery  would  be  of  great  impor¬ 
tance  in  the  development  of  mathematical  physics,  and  he 
indicates  some  of  the  first  results ;  but  the  actual  develop¬ 
ment  has  been  carried  out  principally  by  Professor  Tait,  who 
on  that  account  was  happily  designated  by  Clerk-Maxwell 
as  “  the  chief  player  on  nabla.” 

The  original  definition  of  nabla,  given  by  Hamilton,  is 
purely  symbolic  and  is  as  follows  (. Lectures  on  Quaternions , 
page  610) :  “  Introducing  for  abridgment  as  a  new  character¬ 
istic  of  operation  a  symbol  defined  by  the  formula 


•  d  ,  •  d  ,  7  d 

dx  ^  dy  dzy 


which  is  to  be  conceived  to  operate  on  any  scalar  or  vector 
or  quaternion  regarded  as  a  function  of  the  three  independ¬ 
ent  variables  x,  y,  z}  we  shall  have  generally  the  formula 

, . .  ,  .  ,  r  n  f  dt  |  du  ,  dv  \  ,  •  f  dv  du\ 

■  •  /  dt  dv  \  ,  7  (  du  dt  \ 

^  \  dz  dx)  \dx  dy  J ’ 

where  t,  u,  v  may  denote  any  three  functions  of  those  vari¬ 
ables,  x,  y ,  2.” 

The  definition  given  by  Professor  Tait  is  as  follows :  “  We 
commence  with  a  form  of  definition  of  the  operator  y  some- 
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what  different  from  that  of  Hamilton,  as  we  shall  thus  en¬ 
tirely  avoid  the  use  of  Cartesian  coordinates.  For  this  pur¬ 
pose  we  write  S  .  a  p  =  —  da,  where  a  is  any  unit-vector,  the 
meaning  of  the  right-hand  operator  (neglecting  its  sign) 
being  the  rate  of  change  of  the  function  to  which  it  is  ap¬ 
plied  per  unit  of  length  in  the  direction  of  «.  If  a  be  not  a 
unit-vector,  we  may  treat  it  as  a  vector-velocity,  and  then 
the  right-hand  operator  means  the  rate  of  change  per  unit  of 
time  due  to  the  change  of  position.  Let  a  ft  y  be  any  rect¬ 
angular  system  of  unit- vectors,  then 

V  —  +  ydy 

which  is  identical  with  Hamilton’s  form.” 

In  the  investigation  which  follows  I  use  Greek  letters  and 
also  ij  k  to  denote  axes  of  the  real  unit  sphere,  and  the  same 
preceded  by  \/ —  1  to  denote  axes  on  the  imaginary  unit 
sphere.  Minus  p  denotes  a  unit-vector  pure  and  simple, 
while  j/ —  I  p  denotes  Hamilton’s  quadrantal  versor.  The 
rules  of  reduction  for  the  real  unit-vectors  are : 

i*  =  l;f=l;  ]c2  ==  1; 

ij  —  V—  lk;jk=  i/— 1  i;  ki=  i/— 1  j; 

j'i  —  —  V —  1  k  ;  kj  —  —  j/ —  1  i  ;  ik  —  —  j/ —  1  j. 

It  follows  that  the  rules  for  the  imaginary  unit- vectors  are : 
(!/=!  i)  i)  —  1  j 

(i/—ij)  (i/13! i)  =  —  i ; 

Cl/=M  k)  (j/-— 1  id)  —  —  l. 

(i/ — i  i)  (V— li)^— V— (V—  ij)  (V7— 1 0  =  ]/— l  &  ; 

(l/ —  Ij)  (v—  lk)=— j/—  1C*  (l/— 1  F)(l/—  Ij)  =  l/— Ti; 

(y—lk)(i/—li')~  —  y^j.  (}/ —  1  i)  (  j/  1  k)  =  f/— T  j. 
The  order  is  assumed  to  be  the  order  of  writing. 
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If  the  axis  p  is  variable,  then  the  reduction  p2  =  1  can  be 
introduced  only  after  the  process  of  differentiation  has  been 
completed.  To  make  the  reduction  before  differentiation,  is 
permissible  only  when  the  axis  is  constant.  Upon  this  prin¬ 
ciple  and  that  of  external  differentiation  the  following  devel¬ 
opment  rests. 

In  Hamilton’s  expression  for  p  the  axis  is  placed  in  the 
denominator  and  to  the  left  of  the  symbol  of  differentiation; 
but  according  to  Professor  Tait’s  definition  in  words,  the  axis 
belongs  to  the  divisor  element  in  the  rate,  and  from  the  con¬ 
ventions  already  adopted  the  divisor  element  must  be  writ¬ 
ten  after,  not  before,  the  dividend  element.  Let  (  )  denote 

the  place  for  the  function,  then 

■  _  n  )  i  ,  *(  )  i  ,  *(  )  i 

dx  i  dy  j  dz  k' 

In  order  to  lay  the  foundation  for  a  general  method  it  is 
necessary  to  begin  with  a  consideration  of  the  elementary 
principles  of  the  subject,  and  first  it  is  necessary  to  find  pi?, 
when  i?  —  xi  +  yj  -f  zlc,  in  which  i  j  h  are  constant.  Now, 

A  (xi  +  yj  +  zk)  4-  =  1 ; 

4-  (xi  +  yj  +  i  =  i ; 

°y  j 

-Z-  C xi  +  yj  +  zk)  -1  =  1, 

the  unities  obtained  being  absolute;  that  is,  they  are  ob¬ 
tained  by  the  absolute  principle  of  reduction  4-  =  l,not  by 

any  such  principle  of  final  reduction  as  il  =  1.  It  follows 
that  pi?  =  3  absolutely.  In  Professor  Tait’s  Treatise  on  Qua¬ 
ternions  we  have,  instead,  —  3,  and  it  is  not  an  absolute 
number.  The  minus  arises  from  imaginary  vectors  being 
used  instead  of  real  vectors,  and  its  deduction  involves  the 
reduction  i2  =  —  1.  The  3,  which  here  occurs,  appears  to  be 
due  to  the  tridimensional  character  of  space. 
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The  next  step  is  to  find  pr  where  r  is  the  modulus 
l/V  4-  y2  +  22-  Now, 


1  ___  *  1  1  _  2/  1  ^  1  „  z  1 

i  r  i  '  8y  j  r  j  ’  dz  k  r  k  \ 

Therefore 


Here  p  denotes  the  spherical  axis  of  the  vector  R,  r  denoting 
its  modulus. 

According  to  Professor  Tait’s  principles,  pr  —  p ;  but  this 
result  involves  the  assumption  that  i  -^4  is  equivalent,  for 

real  vectors,  to  4-  This  may  do,  so  long  as  the  axis  is 

constant,  but  when  it  is  variable  the  nature  of  its  dimensions 
cannot  be  changed  arbitrarily.  If  its  dimension  is  —  1,  it 

cannot  be  -f  1 ;  p  has  one  dimension  in  length  and  4-  has 

minus  one  dimension  in  length.  It  will  be  found  that 

pr  =  -4  is  consistent  with,  while  pr  =  />  is  inconsistent  with, 

the  further  development  of  the  method. 

The  next  step  is  to  find  pp.  We  have  pR  —  8 ;  but 

pR  —  (7  (rp)  —  pr  .  p  -f-  rpp ;  therefore 

2 

3=1+  rpp  ;  therefore  pp  —  — . 

r 


The  next  point  is  to  show  that  pRi  is  not  the  same  thing 
as  pr2,  for 

pR 2  =  p  (r2p'1)  =  2  rpr  .  p2  +  2  r2p  pp  =  6  rp  ;  whereas 

2  r 

pr2  =  2  rpr  —  — . 

P 


Here  there  is  a  difference  both  in  the  numerical  multi¬ 
pliers  and  in  the  dimensions  of  p.  The  principle  of  Hamil- 
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ton  and  Tait,  which  makes  (y  —  1  R )2  =  —  r2  or  R1  =  r2, 
involves  a  negleet  of  the  dimensions  of  the  axis  in  the  left- 
hand  expression.  Before  differentiating,  the  power  of  the 
axis  must  be  restored  if  the  axis  is  variable. 

The  next  step  is  to  find,  how  to  differentiate  ~  with  respect 
to  p. 


Since  p  — 
P 


—  1  absolutely, 


Therefore 


dp  .  —  -f-  p  d  (— ^  —  0. 
P  V  P  ) 


P  d  ( — ^  =  —  dp  — ,  whence 

V  p  J  p 


As  do  and  p  are  at  right  angles  to  one  another,  the  last  two 
factors  can  be  interchanged,  provided  the  sign  is  changed ; 
hence 


Here  the  remarkable  fact  is  that  no  minus  appears  in  the 
result ;  otherwise  it  is  the  same  as 


(i) 


dr. 


To  find  how  to  differentiate  -4-  with  respect  to  p  : 


Since  ~  =  1,  therefore 
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and  therefore 


As  dp  and  p  are  at  right  angles,  can  be  shifted  in  front  of 

dp  without  any  change  of  sign,  or  rather  there  are  two 
changes  of  sign,  resulting  in  no  change ;  hence 

p2d  (44  —  —  2  p  -4  dp  =  —  2  —  dp, 

\p  )  P  p 

and 

d(-7)=-27d'- 


In  this  case  the  formula  is  precisely  similar  to  that  for  a 
scalar  quantity,  and  from  the  above  it  is  evident  generally 
that 


when  n  is  odd,  and 


n 


.U  + 


-  dp 


when  n  is  even.  Here  we  have  differentiated  internally. 
We  can  now  show  that  it  is  not  a  matter  of  indifference 

whether  we  write  yr  =  -i-  or  yr  —  p .  According  to  the  former 

principle, 

2  2  r  q 

yr  =  —  and 

P 

22  2  .  „  1  2,0  12  6 
pV2  =:  —  pr-f  2  rp  —  =  -f-  2  r  —  —  =  — T. 

P  P  P  P  r  p1 

According  to  the  latter  principle, 

pr2  =  2  rp )  hence 

pV2  —  2  yr  .  +  2  ryp  =  2  (^>2  +  2). 
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Now  this  is  the  sum  of  two  terms,  an  absolute  4  and  a  term 
which  reduces  to  2.  The  expression,  therefore,  is  heterogene¬ 
ous.  But  carry  on  the  differentiation  a  step  further.  Accord- 

24 

ing  to  the  former  principle,  pV  =  —  ;  according  to  the 

latter,  it  is  if  the  differentiation  is  made  before  reduc¬ 


tion,  and  it  is  0  if  the  differentiation  is  made  after  reduction. 
Hence  it  is  only  Vr  ~  ~~  which  leads  to  consistent  results, 


and  the  reduction  p2  —  1  cannot  be  made  when  p  is  variable, 
excepting  after  all  the  p  operations  affecting  it  have  been 
performed. 

In  the  harmonic  analysis  the  following  principle  is  re¬ 
quired  : 


pVm  —  m  (m  T  1)  rm  2. 


On  the  above  principles  it  is  proved  as  follows : 


j7rm  =  mrm  1  pr  =  mrm  1 


1 

P 


5 


pVm  —  m  (m  —  1)  rm 


J_  _|_  mrm  i  J  A 

p  p  r 


On  finishing  the  p  operations,  p2  may  be  made  1.  This 
formula  is  also  true  when  m  is  negative  or  fractional ;  it  will 
vanish  when  m  =  —  1. 


The  fact  that  the  differential  coefficient  of  —  does  not  have 

P 

a  minus  sign  makes  it  necessary  to  investigate  the  rule  for 

.  differentiating  by  parts  the  expression  pm  ~  where  m  is  a 

positive  integer. 

Now, 


Pm  Pm  1 ;  therefore 
P 


(m  +  x)  pm  1  — -  +  Pm  —  (m  —  1)  Pm  2 ;  whence 


m  +  x+1  —  m  —  1,  or  x~  2. 


12-Bull.  Phil.  Soc„  Wash.,  Vol.  14. 


82 


MACFARLANE. 


The  multiplier  of  the  numerator  part  is  not  the  index  m, 
but  the  index  m  diminished  by  2. 

The  operator 


!_ 
dx  i 


A  i  4  _i_  1 

dy  j  dz  k 


applies  only  to  a  function  of  coordinates  along  fixed  rect¬ 
angular  axes ;  but  it  is  to  be  observed  that  g2  is  formed  from 
[7  by  direct  operations  of  the  calculus.  If  we  expand 


(±l  +  ±l  +  ±i\  ( 

\  3x  i  dy  j  dz  k  )  \ 
we  get  three  terms  of  the  form 


d  1  d  1  _j_ 

dx  i  dy  j  dz 


L  L) 

fo  k  ) 


A  (H  )1_\1 

V  dx  i  )  i 


dx 


and  three  pairs  of  terms  of  the  form 

±  4  )  1\  i  ,  J_  (H )  i\  i. 

dx  \  dy  j  )  i  dy  \  dx  i  )  j 

Because  the  axes  are  constant,  they  may  be  removed  out¬ 
side  the  bracket,  giving 

*(_)!  and-A/l  +  ll 

dar*  i2  My  \  ji  n  ij  j  * 

Further,  because  i  and  j  are  normal  to  one  another 
ji  —  — ij,  and  each  of  the  three  pairs  of  terms  vanishes. 
Hence 

V  dx 2  i2  ^  dy 2  j 2  ^  dz 2  k2  ’ 
and  when  the  function  operated  on  is  scalar, 

2  =  *  4-  A  4-  A 

F  —  +  +  ~w 

The  simplicity  of  this  expression  for  p2  depends  entirely 
on  the  conditions  that  i  j  k  are  constant. 
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There  ought  to  be  a  corresponding  p  operator  in  the  case 
of  spherical  coordinates.  It  ought  to  be  applicable  to  any 
scalar  or  vector  function  of  the  coordinates,  and  it  ought  to 
be  such  that  p2  or,  in  general,  pn  may  be  deduced  by  direct 
operations  of  the  differential  calculus,  suitably  generalized 
for  space  analysis.  In  works  such  as  Love’s  Theory  of  Elas¬ 
ticity  and  Webster’s  Theory  of  Electricity  and  Magnetism  there 
is  given  an  expression  for  p2  in  terms  of  spherical  coordinates 
which  applies  when  the  function  differentiated  is  scalar,  but 
I  have  not  seen,  anywhere,  a  general  expression  for'  p  from 
which  an  equally  general  expression  for  p2  can  be  derived  by 
direct  operations.  The  nearest  approach  which  I  have  found 
is  in  Whitehead’s  Universal  Algebra,  where,  however,  the 
principle  is  adopted  that  pr  =  p,  and  p2  cannot  be  formed  by 
direct  operations. 

When  the  function  is  a  function  only  of  r,  the  spherical 
modulus, 


(  ) 

ti 


n _ )  1 

dr  p  * 


..  =  ^2_( 
dr 


1  I  *  (  )  1 

0  dr  p1 


d\  )  1  ,9(  )  2 

dr2  p2  dr  rp2' 


Introduce  the  reduction  p2  —  1,  then 


p2  =  >  +  1  *(  ). 

dr2  r  dr 


But  this  reduction  must  not  be  introduced  here,  if  we  are  to 
go  on  to  derive  pi 

Suppose  that  the  function  to  be  differentiated  is  a  function 
of  r  and  p,  the  spherical  modulus  and  axis.  The  operator  p 
is  the  sum  of  the  partial  differentiations,  each  multiplied  by 
the  p  of  the  variable.  In  this  case 


dp  r  * 
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Hence 


'  d 

1 

p 

+  ± 
°p 

4)( 

d 

Hr 

1 

P 

+ 

dp 

2_> 
r  ) 

) 

d 

(*<■ 

> 

1 

4- 

£ 

(t 

( 

)  2 

dr 

V  dr 

P  ) 

P 

r 

V 

dp 

r , 

+ 

d 

(H 

)  2\ 

1 

4- 

d 

p 

( 

)  i 

dr 

V  sP 

r  ) 

P 

dp 

V 

dr 

)  i 

■  +  SK 

( 

) 

4 

d 

r2  p2 

dp 2 

r2 

H 


+ 


+ 


<S2(  )  2 


^2( 


rp 

)  2  * 


(  )  2 


r2p 


dP 


dpdr  rp 


+ 


(  )  2 

dr  rp 2 


Should  the  function  involve  p,  then  the  differentiation  in¬ 
dicated  in  the  term  marked  with  an  asterisk  must  be  modi¬ 
fied,  because  the  other  factor  differentiated  is  — .  If  the 

p 

function  involve  pm,  then  the  multiplier  will  not  be  m,  but 
m  —  2.  The  expression  for  p2  when  the  function  is  a  func¬ 
tion  of  r  only  may  be  deduced  from  the  above  more  general 

formula  by  canceling  all  the  terms  in  which  appears. 

Example  of  the  application  of  p2  to  a  vector  function  of 
r  and  p :  Let  the  function  be  R2  =  r2p2.  By  applying  the 
four  terms  of  p'2  directly  we  get 


nmm  i  o  $2  (r2  p2)  4  _8 

dr 2  p~  ‘  dp 2  r2 

±  i\  J_  =  4.  A  (*(**  ^  Ml=  4. 

dr  \  dp  r  )  p  dp  \  dr  p  )  r 


Hence 


p2  R  =  18. 


The  result  in  this  simple  case  may  be  easily  verified,  for 
VR  =  2  R  VR  =  6  R  and  p2R2  =  6  VR  =  18. 
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If,  instead  of  applying  the  third  and  fourth  operators  di¬ 
rectly,  we  apply  the  parts  into  which  they  resolve,  we  obtain 


(rV)  2 _  =  8  _ d  (r2  p2)  2 


drdp  rp 


dp  r2p 


2 _ Q  <?ov)  2 

rp  dr  rp 2 


4. 

4. 


In  the  second  last  differentiation  the  multiplier  is  2  —  2, 
which  reduces  the  term  to  zero.  The  total  is  18,  as  before. 

When  the  function  depends  on  the  spherical  variables 
r,  0,  <p,  then 


<7  =  WFr  +  j0r°  + 


V9- 


To  determine  pr,  pO,  p <p  apply  the  operator  to  the  radius 
vector  R. 


r>  dR  ,  dR  .  dR 
vR=-wVr  +  —V0+  V9. 


But 


R  =  rp  —  r  |  cos  Oi  4-  sin  6  cos  <pj  -j-  sin  6  sin  <pk  J. 
Therefore 


Hence 


dR  _  t  dR  dp  dR  dp 

~JJ  —  p’  -Jo  ~ 1  le’  — 


vR  =  p  pr  +  r  pO  +  r  p<f. 


But  we  know  that  pR  =  3  absolutely,  and  in  order  that  the 
above  three  Terms  ma}^  yield  3,  it  is  necessary  that 


pr  =  — ;  pO 
P 


*P_ 

do 


V9  = 


As 


dp_ 

d(f 


P  —  cos  0  .  i  - j-  sin  0  cos  <p  .  j  +  sin  0  sin  <p  .  k  ; 

—  wn  0  •  i  cos  0  cos  <p  .  j  -\-  cos  0  sin  <p  .  k  ; 

~~  ==  sin  0  |  —  sin  <p  .  j  -j-  cos  <p  .  &  j . 
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The  symbol  po  may  be  used  to  denote  the  unit-vector 
—  sin  (p  .j  -f-  cos  <p  .  k.  The  three  unit  axes  p ,  p0  form  an 

orthogonal  system.  It  follows  that 

n  >  1  )  i  .*(  )  i 

dr  p  dO  dp  d<p  dp 
dO  dip 


Hence 


f2=  + 


d  1 


d 


dr  p  dO  dp  dip  dp 

r  w 


11  +  1^+  5  1 


£_(*(.  )  1\  1 

or  \ 


dr  p  )  p 


dip  )  f 

(i)  + 


dr  p  SO  Sp_  S</>  up 
dO  dtp 


+ 


+ 


+ 


*(  )  1  \  1 

d(P  r  SP  )  r  dP  ^ 

dtp  J  dip 


8<p 

»  /*(  )  1 


dr  [  dip 


dp  ^  p 

dip  J 


(5) 


oO 


+  -r— 
dtp 


'8(  )  1  \  1 

8f  r  dP  )  r  S_P  0) 
dtp  J  dO 

'd(  )  1  \  1 


dO  dp 
dO 


JjT  (9) 

dip 


+ 


+ 


+ 


d 

r8( 

>  i 

\  1 

Jo  / 

so 

dp 

r 

dO 

-s  ! 
©»|  oj 

d 

rs( 

)  1 

\  1 

Jr  / 

se 

r  ' 

do  J 

±i 

(K 

)  M 

1 

dO  ' 

\  dr 

p )  r  sp 
se 

d 

(H 

) 

1 

dip 

V  dr 

p )  r  s_p 

dtp 

(4) 


16) 


(8) 


From  the  above  it  is  evident  how  j7 s,  or  in  general  pn,  may 
be  formed,  and  the  function  differentiated  may  be  any  func¬ 
tion,  scalar,  or  vector  of  r,  0,  <p.  The  simplest  procedure  is  to 
apply  these  operators  directly ;  but,  in  order  to  show  the  re¬ 
lation  of  this  general  operator  to  Laplace’s  operator  for  polar 
coordinates,  I  shall  expand  the  operators  on  the  principle  of 
differentiating  a  product. 
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When  the  function  is  scalar,  that  is,  does  not  involve 
P  or  “  or  the  above  operators  apply  without  any  mod¬ 
ification  ;  but  when  the  function  does  involve  the  axes  men¬ 
tioned,  the  terms  marked  with  an  *  are  modified  in  differen¬ 
tiation  on  account  of  one  of  the  factors  in  the  product  being 
the  reciprocal  of  an  axis. 

s 

The  space-coefficient  of  the  terms  involving  is 
J.  dp^  ,  _1_  dp_l_. 

pl  00  dp  p2  d(f  dp  5 


00 


d(p 
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but  for  any  spherical  axis  a  we  have  *  —  =  1  absolutely  ; 

2 

hence  the  above  coefficient  reduces  to  — ,  giving  for  the  term 


11.1. 
r  dr  p1 


The  space-coefficient  of  the  term 

.  d  . 
m 

1^1  1  , 

1  d2p  1 

/  spy  <v  §?  / 

V  do )  do  do r  \ 

(  dp  \  2  dtpdO  dp 
{  dO  )  d(p 

111 

j_COS  0  1 

/  dpy  dp  dp 

\  do )  do  do  y 

sin  0  (  dp  y' 

\~dOj 

When  the  function  is  scalar,  the  further  final  reductions 
are  introduced  that 

=  1j  and  p  ~ 

\d0  J  ’  r  do 

dp 

=  -~MP' 

for  p  and  are  at  right  angles  to  one  another.  By  this 

means  the  coefficient  is  reduced  to  cot  0  and  the  term  to 

A  cot  e  A 

r  80 

■* 

The  space-coefficient  for  is 

1  dpn  1  sin  0 

COS  o 

pQ2  d<p  po  pQp 

dp  * 

r°  do 

For  a  scalar  function  the  coefficient  is  reduced  by  the  prin¬ 
ciple  that  for  any  spherical  axis  a  we  have  <?  =  1,  and  this 
allows  all  the  terms  to  be  placed  in  the  denominator,  giving 
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Now, 

po  —  ( —  cos  <p  .j  —  sin  <p  .  k)  ( —  sin  ip  .  j  -j-  cos  <p  .  k)  —  — 

and 
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—  cos  0  sin  p  .k  cos  6  cos  <p  .  j  —  sin  0  .  i , 


and 


pQ^~  —  —  sin  0  sin  ip  .k  —  sin  0  cos  ip  .j  —  cos  0  .  i  ; 
00 


consequently  the  coefficient  of  reduces  to  —  i  -f  i,  that  is,  0. 
When  the  function  is  scalar,  the  space-coefficient  for  is 


1  +W-=0; 


dp  dp 

p  — —  — - —  p 

r  00  00  r 


and  so  are  the  space-coefficients  for  the  other  two  cross-terms. 

^2 

But  when  the  function  involves  p.  the  term  in  -r-^r  will  not 

7  dr  60 


in  general  vanish,  because  one  of  its  terms  involves  the  modi¬ 
fied  differentiation,  while  the  other  does  not.  For  the  same 


reason  the  term  in  -----  will  not  in  general  vanish.  If  the 

ordip  ° 


function  involve  the  term  in  . S 

do  6<pd0 


will  not  in  general 


vanish. 

The  general  operator  /72  so  reduced  for  a  scalar  function 
becomes 


,  _1_  ,  _ 1 _ ,  2_  ,  cote  _d_ . 

dr*  r2  do2  (r  sin  0)2  dtp2  r  dr  r2  00  ’ 

that  is,  Laplace’s  operator  for  polar  coordinates. 

From  this  deduction  we  see  the  great  generality  of  the 
expression  given  for  p2  compared  with  the  expression  for 
Laplace’s  operator,  and  the  deduction  also  serves  as  a  verifi¬ 
cation  of  the  principles  of  differentiation  employed. 

13— Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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We  shall  next  find  p  and  p2  for  any  function,  scalar  or 
vector,  expressed  in  terms  of  the  cylindrical  coordinates 
r,  0,  z.  * 

In  this  case  R  =  rp  +  zk  where  k  is  constant,  and  p  =  cos  0  A 
-f  sin  0  .  j .  Hence 


?R  =  pr  .  p  +  r  ye  +  V*  • 


and  as  yR  =  3  absolutely,  it  follows  that 
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The  (2),  (4),  and  (6)  operators  may  be  expanded,  but  in  the 
terms  marked  with  an  *  the  operations  require  to  be  suitably 

modified  when  the  function  differentiated  involves  p  or 

do 
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By  introducing  the  principles  of  reduction,  namely, 

b  SP 
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do 
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as  the  three  axes  are  mutually  rectangular,  the  above  operator 
becomes  for  a  scalar  function 

_2==^_ 

Sr2  ?'2  SO2  Sz2  r  Sr 

It  will  be  observed  that  a  term  in  does  not  appear  at 

3 

all,  but  that  the  term  in  disappears  only  when  the  func¬ 
tion  does  not  involve  p. 


A  FEW  QUESTIONS  IN  HYDRODYNAMICS. 


BY 

R.  A.  Harris. 


[Read  before  the  Society  February  16,  1901.] 


Owing  to  the  comprehensiveness  of  the  subject  of  hydro¬ 
dynamics  and  to  its  already  numerous  divisions  and  subdi¬ 
visions,  it  would  be  a  difficult  matter  to  ascertain  and  report 
upon  the  recent  progress  made  in  the  various  directions. 
The  treatises  of  Lamb  and  Basset  show  the  nature  of  the 
problems  which  have  engaged  the  attention  of  workers,  and 
indicate  to  some  degree  how  far  such  labors  have  been  suc¬ 
cessful.  The  reports  of  Challis,  Stokes,  and  Hicks  found  in 
the  British  Association  Reports  for  1833,  1846,  1881  and 
1882  (and  particularly  the  one  by  Hicks),  give  surveys  of 
the  subject  as  then  developed.  A  brief  account  of  some  of 
the  more  recent  work  is  given  by  E.  W.  Brown  in  the  Amer¬ 
ican  Association  Report  for  1898.  As  implied  in  the  above 
title,  no  attempt  will  here  be  made  to  give  a  review  of  the 
subject  as  a  whole  or  of  any  branch  of  it.  The  aim  will  be 
to  briefly  consider  a  few  questions  in  liquid  wave  motion 
which  have  a  considerable  practical  interest. 

As  in  other  and  kindred  branches  of  physics,  the  state¬ 
ment  of  several  classes  of  these  problems  is  not  difficult, 
and  for  this  we  have  to  thank  such  analysts  as  Lagrange, 
D’Alembert,  and  Fourier;  but  the  real  difficulty  comes 
from  the  inability  of  mathematics  to  solve  the  problems  thus 
set  forth.  Speaking  of  vibrating  systems  in  general,  Ray¬ 
leigh  says : 

“The  rigorous  determination  of  the  periods  and  types  of  vibration  of 
a  given  system  is  usually  a  matter  of  great  difficulty,  arising  from  the 
fact  that  the  functions  necessary  to  express  the  modes  of  vibration  of 
14— Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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most  continuous  bodies  are  not  as  yet  recognized  in  analysis.  It  is  there¬ 
fore  often  necessary  to  fall  back  on  methods  of  approximation,  referring 
the  proposed  system  to  some  other  of  a  character  more  amenable  to 
analysis,  and  calculating  corrections  depending  on  the  supposition  that 
the  difference  between  the  two  systems  is  small.” 

Let  ns  consider  first  the  problem  of  free  oscillations  for 
long-wave  motion  in  a  body,  of  uniform  depth.  The  state¬ 
ment  is  simple  enough.  We  have  only  to  find  a  suitable 
solution  of  the  partial  differential  equation 


d'C 

such  that  =  0  at  every  point  of  the  rigid  vertical  bound¬ 


ary.  C  denotes  the  vertical  displacement  of  the  surface, 
tc2  —  gh,  and  v  refers  to  a  normal  to  the  boundary.  The 
problem  of  the  vibration  of  a  stretched  membrane  differs 


boundary.  Circular  functions  in  x,  y  are  suitable  for  rectan¬ 
gular  or  square  areas.  For  a  simple  mode  of  oscillation  the 
number  of  terms  in  the  solution  is  small — -one  or  two.  The 
same  is  true  for  certain  triangular  areas.  Bessel’s  functions 
are  appropriate  for  circular  areas ;  but  here  I  will  digress 
long  enough  to  ask  one  question.  Consider  the  slowest 
mode  of  oscillation  (symmetrical  about  the  center)  of  a  square, 
an  hexagon,  and  a  circle,  all  having  the  same  period.  The 
solutions  may  be  written  : 


cos  lid  cos  —7=  lx  cos  -w  ly, 
V  2  V  2 


where  l/c  —  the  “  speed  ”  or  2r  -f-  period  and  w  =  \/  x2  -f  y2. 
Can  this  last  solution  be  approached  through  solutions  for 
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regular  polygons  having  more  and  more  sides?  To  lend 
plausibility  to  the  surmise  that  it  can  be,  I  write  out  two 
terms  from  the  expansion  of  the  first  solution,  three  from 
that  of  the  second,  and  four  or  more  from  that  of  the  third, 
thus  obtaining 


cos  ltd 


cos  lid 


[> 


l1 


£2  +  y2  u  (X2  4-  y2)2~ 1 
22  2242  J’ 


cos  lid  1  —  l 


D 


«■  +  V2 


n  Q2  +  y'J  __  76  o2  +  yy 
L  22  42  L  22  42  62 


+ 


These  show  at  once  that  the  contour  lines  become  circles  in 
the  limit  as  the  origin  is  approached. 

The  areas  for  which  exact  solutions  have  been  obtained 
are  few  in  number.  If  a  given  area  does  not  closely  resem¬ 
ble  one  having  a  known  solution,  little  can  at  present  be 
inferred  with  certainty  concerning  its  period  or  its  motion. 
And  it  may  be  noted  that  although  an  exact  solution  for  a 
given  area  has  been  discovered,  the  complete  discussion  of 
the  possible  modes  of  oscillation  involves  questions  in  the 
theory  of  numbers.  This  remark  will  be  readily  understood 
upon  consulting  Lame’s  Lemons  sur  la  Theorie  Mathematique 
de  1’filasticite  des  corps  solides  or  Riemann’s  Partielle  Dif- 
ferentialgleichungen . 

When  the  depth  of  the  body  of  water  in  which  long-wave 
motion  takes  place  is  variable,  there  is  still  no  particular 
difficulty  in  putting  into  mathematical  language  the  re¬ 
quirements  of  its  free  oscillation.  For,  the  dynamical  equa¬ 
tions,  before  being  combined  with  the  equation  of  conti¬ 
nuity,  are  the  same  as  for  the  case  of  uniform  depth,  and 
the  equation  of  the  containing  surface  or  bed  is  supposed  to 
be  given.  Several  problems  of  this  class  are  worked  out  by 
Lamb  in  his  Hydrodynamics.  While  it  might  not  be  a  dif¬ 
ficult  matter  to  state  problems  concerning  the  free  oscillation 
of  a  body  of  water  like  one  of  the  Great  Lakes,  the  difficulty 
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of  obtaining  a  solution  for  a  body  sufficiently  resembling 
the  body  in  question  is  very  great. 

In  long-wave  motion  the  depth  is  assumed  to  be  small  in 
comparison  writh  a  wave  length  or  with  most  of  the  hori¬ 
zontal  dimensions.  When,  however,  the  relative  depth  is 
not  sufficiently  small,  the  motion  is  spoken  of  as  ordinary, 
oscillatory,  surface,  or  deep-water  waves.  Solutions  of  prob¬ 
lems  in  wave  motion  for  a  vessel  of  any  uniform  depth  (and 
with  vertical  side  walls)  can  be  obtained  from  the  solutions 
of  corresponding  problems  in  long-wave  motion, — as  was  first 
noticed  by  Poisson  and  Ostrogradsky.  This  fact  is  of  great 
importance  in  making  experiments  upon  waves,  because  in 
nearly  all  cases  it  is  convenient,  if  not  absolutely  necessary, 
to  make  use  of  a  body  of  water  whose  relative  depth  is  too 
great  for  the  requirements  of  long-wave  motion,  and  long 
waves  are  what  the  experimenter  usually  wishes  to  study 
upon  a  greatly  reduced  scale. 

When  the  depth  is  variable  and  equal  to  a  considerable 
fraction  of  a  wave  length,  the  question  of  free  oscillation  be¬ 
comes  much  more  difficult  than  for  a  body  of  uniform  depth  ; 
in  fact,  we  now  have  to  find  a  function  satisfying  Laplace’s 
equation  and  the  boundary  condition,  and  also  to  make  use 
of  a  surface  condition  in  determining  an  admissible  period  of 
oscillation.  But  few  cases  have  been  worked  out. 

Problems  of  the  classes  referred  to  above  should  admit  of 
solutions  were  the  powers  of  the  mathematician  adequate  to 
the  task.  But  there  are  important  problems  which,  if  capa¬ 
ble  of  solution  at  all,  certainly  involve  determining  condi¬ 
tions  less  simple  and  satisfactory  in  their  character ;  and, 
strange  to  say,  no  person  seems  to  have  given  them  much 
consideration.  I  refer  first  and  chiefly  to  a  branch  of  a  long¬ 
wave  motion,  viz.,  the  imperfect  free  oscillation  of  a  body  of 
water  but  partially  surrounded  by  rigid  boundaries.  Such 
bodies  are  certain  harbors,  bays,  and  portions  of  the  common 
ocean.  Experience  tells  us  that  seiches  may  be  found  in 
harbors  and  bays  as  well  as  in  lakes,  and  there  is  evidence 
to  show  that  frequently,  if  not  generally,  the  tides  originate 
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in  partially  enclosed  areas  having  for  free  period  the  period 
of  the  tidal  forces  very  nearly.  We  can  begin  by  consider¬ 
ing,  on  a  small  scale,  an  oscillation  existing  between  two 
opposing  parallel  walls  or  barriers  placed  in  water  of  uniform 
depth.  The  barriers  may  consist  of  two  thin  boards.  Their 
lengths  may  be  equal  or  unequal ;  they  may  stand  alone 
totally  surrounded  by  water,  or  they  may  be  backed  by  solid 
material ;  they  may  contain  openings  ;  they  may  not  be  high 
enough  to  reach  to  the  surface  of  the  water :  each  variation 
of  the  conditions  presents  a  somewhat  different  problem. 
Again,  lateral  boundaries  possessing  varying  degrees  of  com¬ 
pleteness  may  be  erected.  A  fairly  satisfactory  answer  to  any 
of  these  questions  will  be  an  important  contribution  to  the 
science  of  hydrodynamics.  A  somewhat  analogous  subject  is 
that  of  the  vibration  of  a  stretched  membrane,  where  a  por¬ 
tion  of  the  rigid  boundary  is  wanting ;  but  the  analogy  is 
obviously  incomplete,  because  we  are  in  this  latter  case  con¬ 
cerned  only  with  the  membrane  itself.  The  problem  of  an 
open  organ  pipe  is  in  some  respects  more  nearly  analogous 
to  the  one  in  question ;  for,  account  must  be  taken  of  the  mo¬ 
tion  of  the  air  outside  of  the  pipe  as  well  as  of  the  air  within. 
Again,  the  motion  is  different  according  as  the  pipe  is  or  is 
not  provided  with  a  plane  flange  extending  outward  indefi¬ 
nitely  from  the  open  end.  These  two  cases  seem  to  be  some¬ 
what  analogous  to  cases  already  mentioned,  viz.,  where  the 
walls  are  or  are  not  backed  by  solid  material.  The  motion 
in  an  open  organ  pipe  has  been  investigated  by  D.  Bernoulli, 
Euler,  and  Lagrange,  but  more  thoroughly  by  Helmholtz  and 
Rayleigh.  When  the  diameter  of  the  pipe  is  a  considerable 
fraction  of  its  length,  the  problem  becomes  very  difficult. 
Perhaps  this  possesses  further  analogies  to  the  question  under 
consideration  because  the  motion  set  up  by  the  plane  walls, 
3 

say  -j-  A  in  length,  is  much  different  from  the  motion  due  to 

walls,  say  -i  A  in  length  A  being  their  distance  apart  ^ , 

although  the  periodic  times  are  but  slightly  affected  by  vary¬ 
ing  the  lengths  of  the  walls.  Resonators  more  or  less  effective 
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are  subjects  of  every-day  experience  ;  but  I  am  not  aware  of 
any  investigation,  theoretical  or  experimental,  upon  the  mo¬ 
tions  of  the  air  particles  which  could  be  utilized  in  the  ques¬ 
tion  now  under  consideration. 

Another  and  quite  different  question  of  some  importance 
and  upon  which  no  work  appears  to  have  been  done  may  be 
stated  as  follows :  Given  a  partially  enclosed  gulf  or  sea  whose 
depth  is  sufficiently  great  for  enabling  the  free  surface  of  the 
same  body  of  water  were  it  totally  enclosed  by  land  to  always 
remain  sensibly  normal  to  instantaneous  gravity  as  disturbed 
by  the  moon  and  sun ;  required,  the  behavior  of  the  partially 
enclosed  body  when  acted  upon  by  these  disturbing  forces. 
In  particular,  how  large  may  the  openings  be  and  yet  not 
cause  the  fluctuation  of  the  surface  in  most  places  to  differ 
much  from  the  fluctuation  which  would  exist  were  the  open¬ 
ings  to  be  all  closed  up  ? 

Periodic  tidal  motion  in  straits  has  not  received  at  the 
hands  of  mathematicians  the  attention  which  its  importance 
demands.  When  a  strait  of  small  cross-section  is  so  short 
that  we  can  ignore  the  inertia  of  the  water,  we  can,  under  cer¬ 
tain  restrictions,  apply  Torricelli’s  theorem,  although  the 
motion  is  steady  for  only  a  limited  time.  The  narrowest  part 
of  East  River,  New  York,  Seymour  Narrows,  British  Colum¬ 
bia,  and  Sergius  Narrows,  Alaska,  are  examples  more  or  less 
satisfactory.  But  if  the  strait  have  any  considerable  length 
it  will  have  a  wave  motion  controlled  by  the  bodies  which 
it  connects.  The  first  question  which  suggests  itself  is,  How 
long  must  this  small  strait  be  before  the  inertia  of  the  water 
makes  the  application  of  Torricelli’s  theorem  unsatisfactory, 
assuming  for  simplicity  that  the  bodies  of  water  which  it  con¬ 
nects  are  comparatively  deep  ?  The  difficulty  here  lies,  in 
the  fact  that  the  orbital  motion  of  a  water  particle  in  a  short 
strait  varies  much  from  its  assumed  simple,  harmonic  char¬ 
acter  ;  that  is,  the  motion  of  a  given  particle  is  very  different 
when  in  the  strait  than  when  out  of  it.  If,  however,  the  small 
strait  be  so  long  that  the  orbits  of  a  considerable  majority  of 
the  water  particles  do  not  extend  beyond  its  ends,  we  can  prob- 


A  FEW  QUESTIONS  IN  HYDRODYNAMICS. 


99 


ably  look  for  wave  motion  more  or  less  complete.  The  case 
worked  out  by  Airy  must  be  subject  to  the  restriction  that 
the  length  of  the  strait  shall  not  be  too  short ;  for,  he  has  em¬ 
ployed  the  Lagrangian  form  of  the  determining  equations 
and  assigned  simple  harmonic  motions  to  the  individual 
particles.  His  case  also  must  be  subject  to  the  restriction 
that  the  outside  waters  be  so  deep  that  their  horizontal  mo¬ 
tions  are  small.  For,  suppose  but  one  of  the  bodies  to  have 
a  tide ;  the  wave  in  the  strait  becomes  by  theory  stationary. 
The  particles  of  the  strait  have  their  greatest  outward  elon¬ 
gation — and  so  have  no  velocity — at  the  time  of  high  water. 
Now,  if  the  outer  or  tided  body  be  so  shallow  that  a  wave 
progresses  to  the  shore  and  has  a  considerable  current  velocity, 
this  horizontal  motion  (great  at  the  time  of  high  water)  will 
have  a  profound  influence  upon  the  motion  in  the  strait. 
In  fact,  unless  a  strait  having  sufficient  shallows  at  either 
end  be  exceedingly  short  and  narrow,  a  partially  progressive 
wave  through  the  strait  will  be  the  result. 

Other  questions  concerning  periodic  motions  in  straits  are 
readily  suggested. 

It  is  hardly  necessary  to  add,  in  conclusion,  that  the  chief 
aim  of  this  paper  has  been  to  point  out  a  few  of  the  tolerably 
definite  unanswered  questions  in  hydrodynamics  which  must 
be  investigated  before  satisfactory  progress  can  be  made  in 
the  theory  of  tides. 
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INSTRUMENTS. 

BY 

C.  F.  Marvin. 


Recent  progress  in  instrumental  physics  can  hardly  be 
fairly  presented  in  so  brief  a  communication  as  this  must 
necessarily  be,  and  we  can  attempt,  therefore,  to  mention 
only  a  few  steps  of  progress  to  which  perhaps  some  special 
interest  attaches. 

Progress,  regarded  from  a  comprehensive  point  of  view, 
is  generally  a  natural  growth  extending  over  considerable 
periods  of  time,  and  in  a  study  of  the  present  state  of  any 
branch  of  knowledge  we  must  deal  with  the  ultimate  result 
of  all  past  effort  expended  in  any  given  direction.  We  will 
have  before  us  in  each  instance  the  product  of  an  evolution, 
and  very  often  the  exact  contribution  of  a  given  year  cannot 
be  fully  differentiated  or  recorded.  On  the  other  hand, 
progress  is  sometimes  strikingly  spasmodic.  Development 
in  a  given  direction  seems  almost  to  be  arrested  for  a  time, 
only  to  be  followed  by  notable  advances  which  in  many 
cases  are  direct  results  of  new  discoveries  in  other  depart¬ 
ments.  Take,  for  example,  Faraday’s  well-known  piece  of 
apparatus  we  call  the  induction  coil.  After  many  years 
this  attained  the  type  commonly  known  as  the  Ruhmkorff 
coil.  Thereafter  came  the  invention  of  practical  forms  of 
dynamo-electric  generators  and  the  widespread  application 
of  electricity  to  commercial  operations.  This  opened  up  a 
new  field  of  growth  and  by  a  simple  inversion,  as  it  were,  of 
the  familiar  instrument  employed  up  to  that  time,  princi¬ 
pally  to  illuminate  Geisler  and  Crooks’  tubes,  the  induction 
coil  of  the  laboratory  became  the  electric  welding  machine 


15 — Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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and  the  transformer  of  the  electrician.  Finally  the  discovery 
of  the  X-ray  phenomena  and  the  recent  progress  in  wireless 
telegraphy  have  each  created  a  new  demand  for  the  induc¬ 
tion  coil  in  its  original  form,  and  manufacturers  have  been 
stimulated  to  renewed  activities  in  perfecting  its  construction. 
Prior  to  the  introduction  of  dynamo-electric  machinery  the 
Spottiswood  coil  appears  to  have  been  by  far  the  most  power¬ 
ful  one  made  up  to  that  time.  This  coil  was  4  feet  long  and 
20  inches  in  diameter.  The  secondary  contained  280  miles 
of  fine  copper  wire  wound  in  four  sections.  With  30  cells  of 
Grove  battery  the  coil  gave  a  spark  42  inches  long.  During 
the  past  year  Queen  &  Co.,  of  Philadelphia,  have  designed 
and  built  two  very  large  coils  for  the  Japanese  government 
for  use  in  wireless  telegraphy.*  It  is  claimed  the  new  coils 
contain  only  100  pounds  of  wire  in  the  secondary  circuit, 
as  compared  with  280  pounds  in  the  old  coil,  and  neverthe¬ 
less  give  45-inch  sparks  with  a  current  of  20  amperes  and 
25  volts  in  the  primary.  The  exact  details  of  design  of  the 
new  coils  have  not  been  made  public,  but  the  following  dis¬ 
tinctive  features  are  to  be  noted :  The  soft-iron  core  is  rela¬ 
tively  very  large,  5  inches  in  diameter  and  4  feet  long,  and 
weighs  over  200  pounds.  This  is  about  five  times  as  heavy 
as  the  core  of  the  Spottiswood  coil.  The  secondary  is  wound 
in  a  great  many  instead  of  a  few  sections  each  separately  in¬ 
sulated  from  adjacent  sections.  An  effort  has  been  made  to 
give  the  secondary  the  most  advantageous  size  and  shape  as 
regards  the  magnetic  field  of  the  primary,  and  for  this  pur¬ 
pose  the  secondary  coil  is  more  than  a  foot  shorter  than  the 
iron  core,  which  latter,  therefore,  projects  to  an  unusual  ex¬ 
tent  beyond  the  ends  of  the  secondary.  The  great  saving  of 
wire  in  the  secondary  is  effected  largely  by  this  disposition. 
Moreover,  in  the  middle  portion  the  diameter  of  the  secondary 
coils  is  also  reduced. 

It  may  be  remarked  that  sparks  exceeding  6  feet  or  more 
in  length  have  been  produced  by  others,  especially  by  Profs. 


*  Scientific  American,  January  5,  1901,  p.  7. 
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Elihu  Thompson*  and  J.  Trowbridge.*)*  The  former  employed 
powerful  alternate-current  dynamos  and  high-frequency  ap¬ 
paratus.  The  latter,  during  the  year  just  closed,  has  com¬ 
pleted  the  installation  of  a  plant  of  20,000  storage  cells  in  the 
Jefferson  physical  laboratory  of  Harvard  College.  This 
enormous  battery  represents  a  potential  of  over  40,000  volts. 
During  1889  10,000  cells  were  used  in  conjunction  with  high- 
tension  transformers  in  the  study  of  explosive  effects  of  elec¬ 
trical  discharges.  Sparks  nearly  7  feet  in  length  were  then 
produced.  Deferring  to  the  electrostatic  and  electro-magnetic 
action  within  the  vicinity  of  such  sparks,  Professor  Trow¬ 
bridge  remarks : 

“  The  electrostatic  action  does  not  extend  to  the  great  distances  readied 
by  the  electromagnetic  effect  of  the  field.  While  the  latter  can  be  de¬ 
tected  many  miles,  the  electrostatic  effect  is  confined  to  a  few  feet.  Thus 
a  spark  of  6  or  7  feet  in  length  (180  to  210  centims.)  is  vastly  inferior  to 
one  of  2  or  3  inches  (5  to  7.5  centims.)  for  the  purposes  of  wireless 
telegraphy.” 

This  great  battery  has  been  used  also  with  striking  ad¬ 
vantage  in  the  production  of  X-ray  effects. 

Only  the  most  meager  details  of  the  recent  attainments  in 
wireless  telegraphy  have  yet  been  published,  but  it  seems  the 
Branly  coherer  in  one  or  another  form  is  still  the  essential 
device  in  the  receiving  apparatus. 

Closely  associated  with  the  recent  development  of  the  in¬ 
duction  coil  for  X-ray  work  has  been  the  introduction  of  the 
electrolytic  interrupter.  The  principle  involved  is  really  an 
old  one,  but  the  application  is  recent. 

Terrestrial  Gravitation. — Physicists  have  long  sought  more 
or  less  in  vain  for  some  static  method  of  measuring  satis¬ 
factorily  the  force  of  gravitation.  The  dynamic  method  by 
pendulums  is  completely  debarred  from  use  on  shipboard, 
for  example,  and  in  the  absence  of  other  equally  exact 
methods  the  intensity  of  gravity  over  vast  areas  of  the  sur- 

*  Scientific  American  Supplement,  No.  927. 

t  Phil.  Mag.,  Lond.,  Edin.,  and  Dub.  (5),  July,  1900;  also  (5),  Sept., 
1899. 
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face  of  the  globe  cannot  be  accurately  measured.  The  spring- 
balance  naturally  suggests  itself  in  this  connection,  but  what 
spring  can  we  make  that  will  be  sufficiently  elastic  and  con¬ 
stant  for  this  purpose  ?  The  very  best  steel  springs  have,  in 
seems,  proved  quite  unsatisfactory  in  every  case.  The  dis¬ 
covery  by  Mr.  Boys  *  of  the  remarkable  elastic  properties  of 
fused  quartz  fibers  and  the  bold  and  ingenious  method  he 
invented  for  making  these  fibers  by  shooting  arrows  from  a 
cross-bow  with  bits  of  fused  quartz  attached  places  physicists 
in  possession  of  what  is  probably  the  most  perfectly  elastic 
material  available  for  the  construction  of  delicate  springs. 

Messrs.  Threlfall  and  Pollock  have  recently  published  f  a 
description  of  a  quartz-thread  gravity  balance  perfected  by 
them  after  experiments  extending  over  several  years.  The 
writers  state,  as  a  result  of  their  investigations  thus  far, 
that: 

‘‘We  have  determined  the  value  of  ‘gravity’ at  Hornsby,  a  station 
21  miles  from  Sidney  and  472  feet  above  the  laboratory,  relatively  to  that 
at  Sidney,  in  three  journeys,  with  a  maximum  difference  less  than  one 
part  in  500,000.  For  the  purposes  of  a  survey  the  evidence  shows  that  a 
single  observation  with  the  balance  will  enable  g  to  be  determined  rela¬ 
tively  to  a  standard  value  to  within  one  part  in  100,000.  There  is  a  great 
probability,  however,  that  the  error  would  be  less  than  one  part  in 
200,000.” 

This  quotation  shows  the  authors’  faith  in  their  apparatus. 
At  the  same  time,  from  their  discussion  of  the  influence  of 
temperature  on  the  quartz  thread,  it  appears  that  an  error 
of  0.1  degree  in  determining  the  temperature  means  an 
error  of  one  part  in  about  67,000  in  the  value  of  g.  To  attain 
an  accuracy  of  one  part  in  500,000,  or  even  one  part  in 
100,000,  therefore,  means  a  very  high  order  of  accuracy  in 
temperature  measurements. 

The  variations  of  gravity  per  degree  of  latitude  at  the 
equator  and  poles  is  about  one  part  in  123,000 ;  at  45°  of 
latitude  the  variation  is  a  little  more  than  one  part  in  11,000. 


*  Phil.  Mag.,  June,  1887,  p.  489. 
f  Phil.  Trans.  Roy.  Soc.,  A,  1900,  vol.  193,  p.  215. 
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The  construction  of  the  apparatus  will  be  understood  from 
Fig.  1  and  the  following  brief  description  as  given  by  Messrs. 
Threlfall  and  Pollock : 

“ A  and  B  are  two  metallic  rods,  adjustable  endwise  along  and  around 
their  common  axis,  but  not  free  to  move  transversely  to  that  axis. 

“  C  is  an  elliptical-shaped  spring,  provided  with  a  point  H ,  to  which 
the  end  of  the  quartz  thread  is  fastened.  The  rod  B ,  which  is  free  to 
rotate  about  its  axis,  is  rigidly  attached  to  an  arm  carrying  the  vernier  G, 
which  in  turn  traverses  a  graduated  arc,  a  sextant  being,  in  fact,  employed 
for  this  portion  of  the  apparatus. 

“  The  quartz  thread  has  as  nearly  as  possible  a  diameter  of  0.0015  inch, 
and  is  very  uniform.  It  is  soldered  up  to  the  points  prepared  for  it  at 
K  and  1 ,  and  is  stretched  tight  by  the  spring  C. 


‘‘The  length  of  the  thread  is  30.5  centims.  (11.8  inches).  D  is  a  piece 
of  gilded  brass  wire  5.3  centims.  long  and  weighing  0.018  grms.  It  is 
attached  to  the  thread  by  soldering,  the  thread  lying  in  a  little  kink  in 
the  wire.  The  center  of  gravity  lies  a  little  to  one  side  of  the  thread. 

11 E  is  a  microscope  attached  to  the  frame  of  the  machine  so  as  to  occupy 
an  invariable  position  with  respect  to  the  supports  A  and  B. 

“  The  apparatus  is  thermally  insulated  with  every  possible  care,  and  a 
platinum  wire  thermometer,  wound  upon  very  thin  glass,  lies  alongside 
the  thread. 

“  The  gravitational  moment  of  the  lever  is  so  adjusted  that  about  three 
whole  turns  of  each  end  of  the  thread  are  required  to  keep  the  lever  hori¬ 
zontal.  This  adjustment  is  made  once  for  all.  During  the  process  of  ob¬ 
serving,  the  thread  is  twisted  from  one  end  only,  viz. ,  the  end  attached 
to  the  sextant  arm.  The  equilibrium  of  the  lever  becomes  unstable  when 
its  center  of  gravity  rises  a  few  degrees  above  the  horizontal  plane  pass¬ 
ing  through  the  thread. 
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“The  microscope  is  so  arranged  and  adjusted  with  respect  to  the  thread 
that  the  image  of  the  end  of  the  lever  is  formed  on  the  cross- wires  when 
the  lever  itself  is  almost,  but  not  quite,  in  the  position  of  instability. 

“  When  the  thread  is  increasingly  twisted,  by  turning  the  vernier  arm 
the  lever  is  lifted  and  the  center  of  gravity  raised  until  the  position  of 
instability  is  reached ;  whereupon  the  lever  upsets  and  is  caught  by  a  suit¬ 
ably  disposed  carrier. 

“  The  immediate  subject  of  observation  in  any  given  case  is  the  amount 
of  twisting  or  untwisting  necessary  to  bring  the  lever  back  to  its  position 
under  the  cross-wire  of  the  microscope. 

“As  the  data  required  to  compute  the  force  of  gravity  immediately  from 
the  indications  of  the  instrument  cannot  be  ascertained  accurately,  the 
scale  readings  of  the  balance  are  evaluated  by  noting  the  indications  at 
two  stations  at  which  the  force  of  gravity  is  accurately  known.  This  in¬ 
formation,  together  with  the  vernier  reading  at  a  third  station  and  the 
corresponding  temperature  readings  at  each  station,  give  all  the  data  nec¬ 
essary  for  calculating  the  value  of  gravity  at  the  third  station. 

“At  an  accuracy  of  one  part  in  100,000  in  the  estimation  of  g  the  effect 
of  the  variations  of  barometic  pressure  or  humidity  would  become  sensible, 
and  it  is  therefore  necessary  to  protect  the  lever  against  variations  of  air 
density.  This  is  done  by  enclosing  the  whole  apparatus  in  an  air-tight 
case,  within  which  the  air  is  kept  at  a  constant  density,  corresponding  to 
a  pressure  wrhich  is  slightly  less  than  the  minimum  external  pressure.” 

It  is  obvious  from  the  foregoing  description  that  the  ap¬ 
paratus  could  not  be  used  on  shipboard,  but  the  investigation 
demonstrates  the  possibility  of  using  quartz  fibers  in  this  con¬ 
nection.  At  one  stage  of  their  work  Messrs.  Threlfall  and 
Pollock  found  such  difficulties  in  procuring  satisfactory 
quartz  threads  that  they  were  tempted  to  try  other  materials. 
The  viscous  subsidence  of  steel  wire,  however,  was  found  to 
be  about  100  times  greater  than  they  had  previously  experi¬ 
enced  with  quartz,  the  immense  superiority  of  which  for  this 
purpose  is  thus  clearly  demonstrated. 

Solar  Radiation. — Astronomers  and  meteorologists  alike 
have  expended  a  great  deal  of  time  and  effort  on  the  study 
and  measurement  of  solar  radiation  and  investigations  of 
the  absorption  of  solar  energy  by  the  earth’s  atmosphere. 
The  results,  when  applied  to  the  calculation  of  the  heat 
which  reaches  the  earth  just  outside  the  atmosphere,  prove 
to  be  greatly  discordant,  and  seriously  faulty  theories  and 
methods  are  still  widely  current.  The  discussion  of  these  is 
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not  within  the  province  of  this  paper,  but  it  is  desired  to 
describe  a  new  form  of  apparatus  that  has  recently  been  de¬ 
veloped,  which  appears  to  possess  peculiar  merits  and  striking 
advantages  in  point  of  accuracy,  portability,  and  convenience 
of  observation.  It  may  be  remarked  at  this  point  that  in¬ 
struments  for  the  measurement  of  solar  radiation  belong  to 
one  or  the  other  of  two  distinct  classes.  The  one,  and  chro¬ 
nologically  the  older  class,  comprises  instruments  which  are 
acted  upon  directly  by  the  gross  radiant  energy  of  all  wave 
lengths.  In  the  later  instruments  comprising  the  second 
class  the  radiant  energy  is  first  resolved  into  its  elementary 
wave  lengths,  by  means  of  a  rock  salt  prism  for  example, 
and  the  energy  over  all  portions  of  the  spectrum  thus  ob¬ 
tained  measured  and  mapped  out. 

The  numerous  so-called  actinometers,  pyrheliometers,  etc., 
belong  to  the  first  class.  Professor  Langley’s  well-known 
spectro-bolometer  remains  unsurpassed  as  the  type  of  instru¬ 
ment  belonging  to  the  second  class. 

The  instrument  to  which  special  attention  will  now  be 
given  is  called  by  Angstrom,  its  inventor,  the  electric-com¬ 
pensated  pyrheliometer.*  Two  very  thin  and  narrow  strips 
of  platinum,  with  blackened  surfaces,  are  exposed  side  by 
side  in  a  tube.  A  screen,  with  double  walls,  is  arranged  so 
that  first  one  and  then  the  other  of  the  strips  can  be  shaded 
alternately  from  the  radiation  it  is  desired  to  examine. 
Each  strip  is  backed  by  a  delicate  thermo-electric  couple  of 
“  constantan  ”  and  copper  or  nickel  and  copper.  The  strip 
which  is  exposed  to  the  solar  or  other  radiation  is  heated 
thereby.  In  order  to  determine  the  amount  of  this  heating, 
the  shaded  strip  is  likewise  heated  by  an  electric  current  to 
an  exactly  equal  temperature,  as  shown  by  the  thermo-electric 
elements.  This  equality  of  temperature  having  been  secured, 
and  both  strips  being  otherwise  equally  affected  by  losses  of 
heat  from  radiation,  convection,  conduction,  etc.,  it  is  plain 
that  the  radiant  heat  absorbed  by  the  exposed  strip  is  equal 
to  that  produced  by  the  electric  current  in  the  shaded  strip. 


*  Wied.  Ann.  67,  p.  636,  1899. 
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The  exact  symmetry  of  the  two  strips  is  easily  tested  by 
disposing  the  screen  so  that  both  are  simultaneously  exposed 


Fig.  2.— Electric  Compensation  Pyrheliometer,  Angstrom. 


to  the  same  source  of  radiation,  whereupon  the  thermo¬ 
elements  should  show  an  equality  of  temperature. 
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In  all  prior  forms  of  apparatus  accurate  results  require 
the  careful  determination  of  the  rates  of  healing  and  cooling 
of  the  actinometer.  These  rates  differ  greatly,  depending 
upon  the  difference  between  the  temperature  of  the  sensitive 
portion  of  the  actinometer  and  the  surroundings,  and  at  the 
best  are  difficult  to  observe  with  necessary  accuracy. 

The  compensating  pyrheliometer,  on  the  contrary,  is  ob¬ 
served  by  what  may  be  called  a  static  method  as  distinguished 
from  the  dynamic  method  of  observing  rates  of  heating  and 
cooling.  This  affords  far  greater  facility  of  observation  and 
serves  to  obviate  numerous  corrections  incident  to  former 
methods. 

The  instrument  is  shown  in  accompanying  figures,  taken 
from  Angstrom’s  paper  giving  an  account  of  his  observations 
at  different  altitudes  on  the  peak  of  Teneriffe.* 

A  general  view  of  the  instrument  is  shown  in  Fig.  2  ;  de¬ 
tails  in  Figs.  3,  4,  and  5. 

The  metal  strips  are  cut  with  great  care  by  means  of  a 
dividing  engine  from  platinum  foil  about  .002  mm.  thick, 
the  foil  being  previously  coated  on  one  face  with  a  layer  of 
the  thinnest  silk  paper,  attached  by  shellac.  Two  strips  are 
selected  of  equal  size  and  resistance  and  fastened  side  by  side 
to  an  ebonite  frame,  as  shown  in  Fig.  5. 

The  thermo-elements,  consisting  of  a  U-shaped  thin,  narrow 
strip  of  constantan  or  nickel,  to  the  extremities  of  which 
copper  strips  of  the  same  size  are  soldered,  is  fastened  to  the 
paper  side  of  the  platinum  strips,  so  that  the  thermo-junc¬ 
tions  J  J  lie  about  at  the  middle  points  of  the  strips. 

The  backs — that  is,  the  paper  sides  of  the  strips  with  the 
thermo-elements — are  coated  with  black  varnish.  The  fin¬ 
ishing  of  the  strips  is  described  as  follows  by  Angstrom  : 

“  In  order  to  blacken  the  strips  on  the  front  sides  they  were  firstcoated 
galvanically  with  a  thin  layer  of  zinc  and  then  treated  with  a  one  per 
cent,  solution  of  platinum  chloride  until  the  resistance,  which  had  been 
slightly  lessened  through  coating  with  zinc,  reaches  its  former  value.  In 

*  Intensity  de  la  Radiation  solaire  d  different  Altitudes.  Presente  d  la 
Societe  Royale  des  Sciences  d’Upsala,  le  7  Avril,  1900. 
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order  to  raise  the  coefficient  of  absorption,  the  strips  were  finally  given, 
when  cold,  a  coating  of  lampblack.  This  coating  was  obtained  from  a 
stearin  candle,  in  the  flame  of  which  was  held  a  fine  net  of  copper  wire.” 

The  ebonite  frame  A  is  set  about  midway  in  the  tube  R, 
Figs.  2  and  3,  the  necessary  electrical  connections  being  car¬ 
ried  to  the  cap  P,  as  indicated.  A  series  of  three  diaphragms 
are  placed  in  the  tube  in  front  of  the  ebonite  frame.  The 
movable  screen  shown  in  Fig.  4  is  arranged  at  the  end  of  the 
tube  at  B  and  interrupts  the  radiation  from  one  or  the  other 
of  the  platinum  strips.  The  thermometer  T  serves  to  indi¬ 
cate  approximately  the  temperature  within  the  tube. 

The  accessories  in  the  way  of  battery,  amperemeter,  gal¬ 
vanometer,  etc.,  scarcely  need  detailed  description  in  the 
present  paper. 

The  climatologist  and  the  students  of  plant  growth  need 
an  instrument  of  this  kind  that  is  self-recording,  so  that  some 
accurate  measure  can  be  had  of  daily  amounts  of  solar  energy 
received  during  different  seasons  and  states  of  weather,  espe¬ 
cially  during  the  growing  periods  of  agricultural  crops. 

Platinum  Thermometry. — The  measurement  of  temperature 
is  one  of  the  most  important  of  the  observations  that  are  re¬ 
quired  to  be  made  in  all  classes  of  physical  research.  There 
is  scarcely  a  single  investigation  that  a  physicist  may  take 
up  but  that  temperature  plays  a  direct  or  an  indirect  part 
therein.  Indeed,  the  influence  of  temperature  is  felt  in 
every  department  of  science,  in  the  practical  arts,  and  in  our 
daily  lives  as  well.  Its  accurate  measurement  has  long  been 
a  favorite  field  of  research  and  development.  When  Reg- 
nault  entered  upon  his  classic  series  of  experiments,  almost 
the  first  thing  it  was  necessary  for  him  to  do  was  to  define 
and  establish  accurate  means  of  measuring  temperatures. 
Recognizing  the  numerous  defects  and  inherent  inconsisten¬ 
cies  of  even  the  best  of  mercurial  thermometers,  and  the 
corresponding  advantages  of  the  air,  or  some  form  of  gas 
thermometer,  the  air  thermometer  became  his  standard,  and 
the  indications  of  the  several  mercurial  thermometers  cor¬ 
related  thereto  by  elaborate  series  of  investigations.  His 
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work,  more  perhaps  than  that  of  any  other  at  this  period, 
developed  the  idiosyncracies  of  mercurial  thermometers 
and  showed  how  their  inherent  errors  were  to  be  avoided 
and  allowed  for.  It  is  impossible  to  fully  discuss  these 
questions  here ;  suffice  it  to  say  that  the  gas  thermometer 
in  one  form  or  another  still  remains  the  theoretical  standard — 
that  is  to  say,  its  scale  of  temperature  is  accepted  as  the 
closest  approach  we  have  to  the  ideal  thermodynamic  scale, 
in  which  equal  intervals  of  temperature  represent  equal 
amounts  of  thermal  energy.  In  spite  of  this  admirable 
quality,  however,  every  investigation  with  the  air  thermom¬ 
eter  but  adds  to  the  mass  of  existing  evidence  to  the  effect 
that  the  instrument  is  subject  to  large  accidental  errors,  and 
that  its  use  is  attended  with  serious  difficulties.  What  is  of 
much  greater  importance,  recent  progress  in  science  has  neces¬ 
sitated  the  measurement  of  temperatures  beyond  the  practical 
limits  of  even  the  air  thermometer.  Modern  experiments 
with  liquified  and  solidified  gases  have  opened  up  a  field  of 
observation  down  to  the  very  verge  of  the  absolute  zero  of 
temperature,  while  on  the  other  hand  students  of  the  phe¬ 
nomena  of  fusion  and  volatilization  of  refractory  substances 
desire  to  measure  accurately  the  very  highest  temperatures 
we  can  produce. 

The  response  of  the  physicist  to  this  demand  for  accurate 
measures  of  temperature  over  the  entire  range  experienced 
has  been  partly  met,  at  least,  by  a  new  instrument  possess¬ 
ing  many  admirable  qualities,  namely,  the  platinum  ther¬ 
mometer.  Satisfying  to  a  remarkable  extent  many  of  the 
requirements  of  a  practical  working  standard,  this  instru¬ 
ment  has  been  steadily  gaining  favor  for  a  period  of  over  10 
years. 

The  idea  was  first  seriously  proposed  by  Siemens  and  fol¬ 
lowed  up  by  the  construction  of  several  pyrometers  which 
were  submitted  to  the  British  Association  in  1874.  These 
proved  to  be  failures,  however,  seemingly  due  to  ignorance 
and  neglect  of  a  few  simple  structural  precautions  that  should 
have  been  observed.  The  idea  was  afterwards  taken  up  by 
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Prof.  H.  L.  Callendar,*  who  has  given  the  instrument  its 
present  form. 

“  The  extensive  researches  of  Dewar  and  Fleming,!  Cailletet  and  Colar- 
dean,J  at  very  low  temperatures,  and  those  of  Heycock  and  Neville  $  at 
very  high  temperatures,  taken  with  those  of  Callendar  and  Griffiths,  || 
and  Harker  and  Chapuis  ^  at  ordinary  temperatures,  establish  beyond  a 
doubt  the  remarkable  accuracy  of  this  instrument  over  a  wide  range  of 
temperature.” 

The  instrument  in  its  elementary  form  scarcely  requires 
a  description.  The  essential  conditions  are  that  the  platinum 
wire  which  serves  as  the  thermometric  substance  must  be  as 
pure  as  possible  ;  it  must  be  mounted  so  that  in  use  it  is  not 
subjected  to  any  strains  resulting  from  expansion  or  contrac¬ 
tion  that  can  alter  its  form  or  resistance,  and,  obviously,  it 
must  be  protected  from  any  chemical  action  that  can  alter 
its  electrical  qualities.  This  is  especially  important  in 
metallurgical  work  at  high  temperatures,  where  the  influ¬ 
ence  of  furnace  fumes  may  prove  fatal  to  the  constancy  of 
the  thermometer.  The  measurement  of  the  electrical  resist¬ 
ance  is  accomplished  by  the  wTell-known  Wheatstone  bridge, 
which  is  given  a  convenient  arrangement  for  the  specific  use. 

The  change  in  resistance  between  the  temperatures  of  melt¬ 
ing  ice  and  the  boiling  point  of  water  constitutes  the  funda¬ 
mental  interval  of  the  thermometer.  The  bridge  is  so  arranged 
that  this  fundamental  interval  is  subdivided  conveniently 
into  one  hundred  equal  parts  or  units,  each  representing  a 
degree  of  temperature,  centigrade,  on  the  platinum  ther¬ 
mometer. 

The  change  of  resistance  does  not  by  any  means  conform 
to  a  linear  law,  and  at  temperatures  other  than  zero  and 
100°  C.  the  platinum  scale  differs  widely  from  our  ordinary 
scales.  Fortunately,  however,  repeated  determinations  have 
shown  that  the  relation  between  the  platinum  scale  and  the 

*Phil.  Trans.  Roy.  Soc.,  vol.  177  A,  1887. 
fPhil.  Mag.,  1893. 

$  Journal  de  Phys.,  T.  VIII,  1888. 

I  Chem.  Soc.  Trans.,  1895. 

||  Phil.  Trans.  Roy.  Soc.,  vol.  182  A,  1891. 
f  Phil.  Trans.  Roy.  Soc.,  vol.  191  A,  1900. 
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gas-thermometer  scale  is  given  with  very  considerable  accu¬ 
racy  by  a  simple  parabolic  curve.  Since  this  curve  must  of 
necessity  pass  through  the  freezing  and  boiling  points  of 
water,  the  whole  curve  becomes  established  when  the  resist¬ 
ance  of  the  thermometer  is  measured  at  one  additional  fixed 
point.  If  observations  are  to  be  made  at  high  temperatures, 
the  boiling  point  of  sulphur  (445°  C.)  is  a  convenient  sec¬ 
ondary  point.  For  very  low  temperatures  the  boiling  point 
of  oxygen,  for  example,  may  be  employed. 

The  extremely  wide  range  over  which  one  and  the  same 
instrument  may  be  used  commends  the  platinum  thermom¬ 
eter  as  a  convenient  working  instrument  above  all  others. 

At  the  meeting  of  the  British  Association  in  1899  propo¬ 
sals  were  submitted  by  Professor  Callendar  for  the  adoption 
of  the  platinum  resistance  thermometer  as  a  practical  stand¬ 
ard  of  reference  for  scientific  research. 

The  following  resolutions,  taken  from  the  text  of  the  pro¬ 
posals,  embody  the  suggestions  offered  for  the  adoption  of 
the  new  scale  of  temperature :  * 

u  (1.)  That  a  particular  sample  of  platinum  wire  be  selected,  and  plati¬ 
num  resistance  thermometers  constructed  to  serve  as  standards  of  the 
platinum  scale  of  temperature. 

“  (Note.  —A  degree  centigrade  of  temperature  on  the  scale  of  a  platinum 
resistance-thermometer  corresponds  to  an  increase  of  resistance  equal  to 
the  hundredth  part  of  the  change  of  resistance  between  0  and  100  0.  In 
other  words,  temperature  pt  on  the  platinum  scale  is  defined  by  the 
formula : 

pt  =  100  (. R-R0)/(R'-R0 ), 

in  which  the  letters  R ,  R0,  and  R/  stand  for  the  resistances  of  the 
thermometer  at  the  temperatures  pt,  0,  and  100  O.,  respectively.  The 
melting  point  of  ice  is  taken  as  the  zero  of  this  scale,  in  accordance  with 
common  usage.) 

“  (2.)  That  the  scale  of  temperature  t  deduced  from  the  standard  plati¬ 
num  scale  by  means  of  the  parabolic  difference  formula  : 

t—pt  =  d{tf  100  —  1)  ^  / 100, 

which  has  been  proved  to  give  a  very  close  approximation  to  the  true 
or  thermodynamic  scale,  be  recommended  for  adoption  as  a  practical 
standard  of  reference,  and  be  called  the  British  Association  Scale  of 
Temperature. 
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“  (Note. — Tlie  gas  thermometer  would  still  remain  the  ultimate  or 
theoretical  standard,  and  the  exact  relation  of  the  British  Association 
scale  to  the  absolute  scale  would  be  the  subject  of  future  investigation. 
In  the  present  state  of  experimental  science,  the  difference  between  the 
two  scales  over  the  greater  part  of  the  range  is  less  than  the  probable 
errors  of  measurement  with  the  gas  thermometer,  and  the  possible  accu¬ 
racy  of  measurement  with  a  platinum  thermometer,  especially  at  high 
temperatures,  is  of  a  much  higher  order  than  with  the  gas  thermometer. 
Measurements  directly  referred  to  the  British  Association  scale  would 
therefore  be  of  greater  permanent  value,  because  they  could  be  subse¬ 
quently  corrected  when  the  relation  between  the  scales  had  been  more 
accurately  determined. ) 

“(3.)  That  the  value  of  the  difference  coefficient  d  in  the  parabolic 
difference  formula  be  determined  for  the  British  Association  standard 
thermometers  by  reference  to  the  boiling  point  of  sulphur  as  a  secondary 
fixed  point  in  the  manner  described  by  Callendar  and  Griffiths,  ‘  Phil. 
Trans.,  A,  1891.’ 

“  (Note. — It  is  probable  that  this  method  gives  the  best  results  over 
the  whole  range  of  temperatures  above  -100  C.  At  very  low  temperatures 
there  appear  to  be  singularities  in  the  resistance  variation  of  metals 
which  require  further  investigation.  The  boiling  point  of  liquid  oxygen 
would  be  a  more  convenient  secondary  fixed  point  to  choose  for  low- 
temperature  research,  especially  for  testing  thermometers,  the  construc¬ 
tion  of  which  did  not  permit  their  exposure  to  a  temperature  as  high  as 
that  of  boiling  sulphur.) 

“  (4.)  That  the  temperature  of  the  normal  boiling  point  of  sulphur 
under  a  pressure  of  760  mm.  of  mercury  reduced  to  0  C.  and  latitude  45° 
be  taken,  for  the  purposes  of  the  British  Association  scale,  as  444°.53  C., 
as  determined  by  Callendar  and  Griffiths  ( loc.cit .)  with  a  constant  pressure 
air  thermometer. 

“  (Note. — Until  the  relation  between  the  various  gas-thermometer 
scales  and  the  expansion  of  glass  and  porcelain  have  been  more  accu¬ 
rately  determined,  it  does  not  appear  that  anything  would  be  gained  by 
changing  this  value,  to  which  so  much  accurate  work  has  already  been 
referred).” 

The  Electrical  Standards  Committee,  to  which  the  ques¬ 
tion  was  referred,  “appointed  a  subcommittee  to  consider 
details  and  report  progress  next  year.” 

Before  the  close  of  the  meeting  the  subcommittee  had  de¬ 
cided  that  platinum  thermometers  shall  be  constructed  of  a 
selected  sample  of  platinum  wire  and  be  used  as  standards 
for  high-temperature  measurements.  The  selection  of  the 
wire  is  still  under  the  consideration  of  the  committee. 
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In  regard  to  the  purity  of  the  wire,  it  may  be  remarked 
that,  although  the  temperature  coefficient  is  appreciably 
diminished  by  slight  impurities,  the  effect  on  the  indicated 
temperatures  is  quite  insignificant  unless  the  amount  of  the 
impurities  is  considerable. 

Special  attention  is  invited  to  resolution  No.  4  as  proposed, 
which  specifies  that  the  normal  boiling  point  of  sulphur  on 
the  gas-tliermometer  scale  be  taken  at  444°. 53  C.  This  is 
the  value  found  by  Messrs.  Callendar  and  Griffiths  by  the 
use  of  a  constant-pressure  air  thermometer.*  Harker  and 
Chapuis,  however,  in  the  course  of  an  elaborate  comparison 
of  the  platinum  thermometer  with  the  constant-volume  ni¬ 
trogen  thermometer  at  the  International  Bureau  of  Weights 
and  Measures,  have  arrived  at  the  value  445°.27.t  The 
discrepancy  of  about  three-fourths  of  a  degree,  centigrade, 
between  these  two  results  is  not  thus  far  explained,  and  is 
only  partly  due  to  well-known  differences  between  the  two 
types  of  gas  thermometers  employed. 

Enough  has  been  said  to  show  the  place  platinum  ther¬ 
mometers  are  sure  to  take  in  future  scientific  research.  The 
extreme  precision  and  delicacy  of  electrical  methods  insures 
great  accuracy  and  exceeding  sensitiveness,  and  that,  too,  in 
an  instrument  of  very  small  mass  and  heat  capacity.  In 
many  details  the  instrument  is  peculiarly  adapted  to  a  wide 
range  of  research  where  accuracy  is  of  importance. 

Before  concluding  this  very  imperfect  account  of  the  re¬ 
cent  progress  in  instrumental  physics,  I  desire  to  ask  your 
attention  to  the  tendency  of  the  times  as  regards  steam 
motors.  The  steam-engine  can  hardly  be  classed  as  a  phys¬ 
ical  instrument;  nevertheless  the  phenomena  of  heat  involved 
in  its  action  bring  it  within  the  broad  domain  of  physics, 
and  will,  I  hope,  justify  noticing  here  the  direction  in  which 
progress  is  now  being  made. 

For  over  two  hundred  years  mechanical  engineers,  with 
scarcely  any  notable  exception,  have  expended  their  energies 


*Phil.  Trans.  Roy.  Soc.,  A,  1891. 
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in  the  improvement  and  development  of  steam-engines  of  the 
reciprocating  piston  type.  The  modern  multiple  expan¬ 
sion  engines,  so  widely  used  on  all  ocean-going  and  similar 
large  vessels,  and  the  forms  so  familiarly  known  in  all  cen¬ 
tral  power  stations  and  plants  for  the  development  and  dis¬ 
tribution  of  great  quantities  of  electrical  and  mechanical 
energy,  embody  today  all  that  is  best  of  a  growth  of  nearly 
two  hundred  and  fifty  years.  Although  a  very  high  state  of 
perfection  has  thus  been  attained,  the  steam-engine,  at  best, 
is  but  an  imperfect  affair  for  the  transformation  of  energy,  and 
further  marked  improvement  of  the  best  modern  cylinder 
engines  seems  now  scarcety  possible.  Under  these  circum¬ 
stances  it  is  interesting  to  notice  that  the  foremost  thinkers 
among  mechanical  engineers  of  late  years  have  turned  their 
attention  to  the  oldest  types  of  steam-engines  of  which  his¬ 
tory  gives  us  any  record — that  is,  the  eolipile  or  re-action  en¬ 
gine  of  Hero  and  the  steam  turbine  invented  by  Branca  in 
the  15th  century.  These  ancient  types  proved  nearly  worth¬ 
less  in  the  hands  of  the  original  inventors,  owing  to  their 
ignorance  and  disregard  of  the  thermodynamic  laws  in¬ 
volved  in  their  design  and  construction.  Today,  however, 
engineers  find  that  steam  turbines,  when  properly  designed, 
equal  or  even  surpass  in  efficiency  the  very  best  engines  of 
the  old  type. 

The  construction  of  turbines  is  characterized  by  simplicity 
itself.  Valves,  cylinder  lubrication,  reciprocating  parts,  and 
the  multitude  of  accessories  essential  to  the  ordinary  engine 
of  high  efficiency  are  all  conspicuously  absent.  It  is  found 
the  thermodynamic  action  of  the  steam  can  be  made  to  take 
place  with  almost  ideal  efficiency,  and  it  appears  the  prin¬ 
cipal  disadvantage  presented  is  the  excessively  high  speeds 
of  rotation  involved,  ranging  from  10,000  to  20,000  or  more 
revolutions  of  the  main  turbine  shaft  per  minute. 

This  type  of  prime  mover  bids  fair  to  very  largely  rev¬ 
olutionize  matters  in  the  power  equipment  of  naval  and  other 
vessels  where  great  power,  speed,  and  the  maximum  efficiency  , 
coupled  with  minimum  weight  and  bulk,  are  all-important 
desiderata. 

February  7,  1901. 


STATE  OF  PROGRESS  OF  OUR  KNOWLEDGE  OF 

THE  TIDES. 


BY 

L.  P.  Shidy. 


[Read  before  the  Society  March  17,  1900.] 


As  the  first  step  toward  a  knowledge  of  any  inductive 
science  is  the  collection  of  observations,  it  may  be  well  to 
allude  briefly  to  the  advances  made  in  our  means  of  secur¬ 
ing  tidal  records.  Passing  by  the  numerous  forms  of  gauges 
which  require  the  presence  of  an  attendant  to  take  down 
their  indications  at  stated  times,  such  as  the  ordinary  fixed 
tide  staff,  box  gauges  of  many  kinds,  spar  gauges,  tripod  or 
pulley  gauges,  and  non-recording  siphon  gauges,  each  of 
which  has  its  uses,  and  may  be  well  adapted  to  the  condi¬ 
tions  under  which  the  observations  are  made  at  various 
stations,  let  us  consider  the  automatic  or  self-registering  tide 
gauges  for  a  few  moments. 

The  object  of  these  gauges  is  to  make  a  record,  usually  in 
the  form  of  a  curve,  which  will  enable  one  to  readily  find 
the  height  of  the  sea  at  any  time  within  the  limits  of  the 
record.  The  essential  parts  of  any  form  of  automatic  tide 
gauge  are  as  follows :  a ,  some  kind  of  clock  or  time-piece ;  b,  a 
float,  loosely  confined  within  a  vertical  box  or  tube,  the  lower 
end  of  which  is  partially  closed ;  and  c,  some  mechanism  for 
recording  time  and  height,  either  continuously  or  at  short 
discrete  intervals  of  time.  While  in  some  instances  an  un¬ 
reasonable  effort  is  made  to  secure  a  record  on  the  natural 
scale,  even  using  paper  six  or  more  feet  in  width  when  nec¬ 
essary,  other  forms  of  gauges  go  to  the  opposite  extreme  and 
reduce  the  record  down  to  less  than  two  inches  in  width. 


17— Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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Some  gauges  use  profile  paper ;  others  use  plain  paper.  Some 
run  a  day  only,  while  others  run  a  whole  month  without 
changing  the  paper. 

Probably  the  first  automatic  or  self-registering  tide  gauge 
ever  constructed  was  the  one  described  by  Henry  R.  Palmer, 
C.  E.,  in  the  Phil.  Trans,  for  1831,  pp.  209-213  ;  it  used  pro¬ 
file  paper,  and  each  hour  was  marked  by  a  hammer  striking 
a  steel  arrow  which  revolved  freely  with  a  wind  vane  on  the 
roof  of  the  tide-house.  A  cross-bar  on  the  shaft  of  the  arrow 
indicated  the  exact  position  of  the  hour,  while  the  arrow 
showed  the  direction  of  the  wind  at  the  time.  Although 
from  time  to  time  many  improvements  have  been  made  in 
automatic  tide  gauges,  it  is  a  little  strange  that  the  latest 
advance  made  in  the  gauges  of  the  Coast  and  Geodetic  Sur¬ 
vey,  namely,  that  of  the  hour-marking  attachment,  is  but 
little  more  than  a  return  to  what  was  done  in  the  very  first 
instrument  of  the  kind  of  which  we  have  any  record. 

Maii}r  forms  of  electrical  tide  gauges  have  been  devised, 
in  this  country  as  well  as  in  Europe.  Such  gauges  require 
a  higher  grade  of  intelligence  to  maintain  them  in  contin¬ 
uous  action  than  is  required  to  run  mechanical  gauges,  and 
in  consequence  they  have  not  met  with  favor  in  the  United 
States.  They  have  been  used,  however,  in  France,  Germany, 
and  even  in  Spain,  although  some  of  the  tidal  records  from 
an  electrical  gauge  at  San  Juan,  Porto  Rico,  which  have 
fallen  into  our  hands,  do  not  serve  as  a  testimonial  in  favor 
of  such  methods  of  recording  observations.  The  construe-' 
tion  of  automatic  gauges  has  done  much  toward  extending 
our  knowledge  of  the  tides,  as  they  render  it  easier  to  obtain 
satisfactory  observations. 

But  the  mere  accumulation  of  observations  does  not  ex¬ 
tend  our  knowledge  very  much.  The  great  mass  of  records 
must  be  analyzed  or  discussed  before  useful  results  are  ob¬ 
tained.  All  the  early  observations  were  confined,  with  rare 
exceptions,  to  the  maxima  and  minima  of  the  tides,  and,  al¬ 
though  it  was  soon  found  that  at  many  ports  these  were  too 
irregular  to  make  any  practical  use  of,  there  was  no  other 
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available  method  of  discussion  until  Sir  William  Thomson, 
now  Lord  Kelvin,  developed  the  harmonic  analysis  about  a 
quarter  of  a  century  ago.  This  analysis  makes  use  of  obser¬ 
vations  made  at  comparatively  short  and  uniform  intervals 
of  time,  usually  every  hour,  without  regard  to  the  times  of 
high  or  low  waters.  As  perfected  by  Ferrel  and  Darwin,  it 
is  now  by  all  odds  the  most  satisfactory  form  of  analysis  which 
has  ever  been  applied  to  the  tides.  The  tide  of  nature  is  re¬ 
garded  in  this  method  as  being  composed  of  many  independ¬ 
ent  waves,  each  one  of  which  has  a  uniform  speed  and,  for  a 
given  station,  an  invariable  amplitude.  Each  wave  is  desig¬ 
nated  by  one  or  more  letters,  and  subscripts  are  used  to  in¬ 
dicate  the  number  of  maxima  in  a  day.  The  mean  moon 
and  the  mean  sun,  which  are  fictitious  bodies,  give  rise  to 
whole  groups  of  elements  or  components,  among  which  those 
having  two  maxima  in  a  day  are  usually  very  much  larger 
than  any  of  the  others.  Many  other  fictitious  stars  or  moons 
are  employed  to  generate  waves  taking  account  of  the  decli¬ 
nation,  parallax,  evection,  and  inequality  of  the  real  moon, 
and  still  others  to  represent  the  variations  in  the  real  sun,  so 
that  the  aggregate  is  perhaps  40  or  more  elements  or  com¬ 
ponents  having  sensible  ranges  into  which  the  natural  tide 
may  be  broken  up.  Fortunately  for  us,  however,  most  of 
these  are  so  small  as  to  be  neglected  without  material  injury, 
and  we  seldom  work  out  more  than  about  half  of  them. 

Until  within  the  last  few  ye&vs  it  was  impossible  to  com¬ 
pare  the  results  from  harmonic  analysis  with  those  obtained 
from  high  and  low  waters  alone,  and  harmonic  constants  were 
only  useful  for  comparisons  between  stations  having  similar 
analyses  or  for  making  predictions.  We  now  have  a  con¬ 
venient  form  for  computation,  based  upon  the  formulas  given 
in  Appendix  No.  7  of  the  Coast  and  Geodetic  Survey  Report 
for  1894,  which  enables  us  readily  to  obtain  the  20  following 
quantities  from  the  harmonic  constants  :  the  mean  lunitidal 
intervals  for  high  and  low  waters,  the  four  tropic  intervals, 
and  the  tropic  interval  of  the*diurnal  wave  ;  the  mean  range, 
spring  range,  neap  range,  apogean  range,  perigean  range, 
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the  five  tropic  ranges,  the  tropic  high  and  low  water  ine¬ 
qualities,  and  the  percentage  of  reversals  which  may  occur 
in  the  sequence  of  tides.  Criteria  for  the  classification  of 
tides  are  also  obtained.  Taken  all  together,  it  seems  that  this 
constitutes  one  of  the  greatest  advances  in  tidal  work  since 
the  introduction  of  harmonic  analysis. 

As  astronomy  seeks  to  unravel  the  mysteries  of  the  solar 
and  sidereal  systems  in  order  that  the  various  changes  in  ap¬ 
parent  position  of  the  sun,  moon,  planets,  and  stars  may  be 
accurately  foretold,  thus  enabling  mankind  to  make  use  of 
these  far-distant  bodies  for  many  important  uses  upon  both 
land  and  sea,  so  all  tidal  work  has,  in  a  similar  way,  the  pre¬ 
diction  of  tides  as  an  ultimate  end  in  view.  The  tides  play 
such  an  important  part  in  most  harbors  that  all  the  great 
nations  of  the  earth  now  publish  tables  containing  predicted 
tides  for  the  use  of  mariners.  Probably  rude  prediction  tables 
for  the  time  of  high  or  low  water  were  made  in  quite  early 
times,  although  the  oldest  one  which  still  exists,  so  far  as  I 
am  aware,  is  a  tide  table  for  London  bridge,  the  manuscript 
of  which  is  in  the  British  Museum,  and  said  to  be  the  work 
of  John  Wallingford,  abbot  of  St.  Albans,  who  died  in  1213. 
Probably  the  first  step  toward  making  tidal  predictions  con¬ 
sisted  in  the  rude  observations  of  early  mariners  that  high  or 
low  water,  at  a  given  port,  occurred  whenever  the  moon  oc¬ 
cupied  certain  positions  in  the  heavens.  More  than  2,000 
years  ago  men  were  thus  enabled  to  note  a  connection  be¬ 
tween  the  moon  and  the  tides. 

Many  processes  for  predicting  tides  have  been  devised, 
some  of  them  very  elaborate,  as,  for  instance,  Ferrel’s  method 
of  predicting  the  Boston  tides,  which  required  a  whole  month 
of  time  for  a  good  computer  to  make  the  predictions  for  one 
year  at  a  single  port.  Contrasted  with  this  there  were  pro¬ 
cesses  so  rude  that  in  a  single  day  one  could  make  predic¬ 
tions  for  a  year  at  any  port.  But  with  the  introduction  of 
the  harmonic  analysis  came  tide-predicting  machines,  for 
the  uniform  speed  of  each  component  of  the  tide,  which  is 
the  same  for  all  places,  and  their  fixed  amplitudes  for  a 
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given  port  rendered  it  quite  simple  to  mechanically  combine 
the  various  components  into  the  complex  wave  of  nature. 
Given  the  harnmnic  constants  for  any  port,  and  a  tide-pre¬ 
dicting  machine,  quite  accurate  predictions  of  the  tides  can 
now  be  made  as  easily  as  the  roughest  predictions  could  he 
made  by  the  old  methods. 

Considerable  progress  has  been  made  in  the  study  of  tidal 
oscillations  in  the  great  oceanic  basins  by  Dr.  R.  A.  Harris, 
of  the  Coast  and  Geodetic  Survey,  and  the  following  is  taken 
from  his  notes  on  the  subject,  but  with  modifications  to  suit 
the  present  case. 

This  study  of  the  causes  of  the  tides  aims  to  actually  pick 
out  from  the  oceans  and  other  bodies  of  water  such  systems 
as  are  capable  of  independent  oscillation  in  approximately 
the  period  of  the  tidal  forces.  More  than  this,  it  supposes 
the  tidal  forces  to  be  distributed  over  the  waters  of  each  sys¬ 
tem,  and  the  time  of  elongation  of  the  water  particles — that 
is,  the  time  of  high  or  low  water — to  be  thus  determined  with 
reference  to  the  tidal  body.  This  having  been  done,  and  the 
theoretical  results  compared  with  the  observed  values,  it  is 
asserted,  I  believe  for  the  first  time,  that  in  most  cases  the 
dominant  ocean  tides  have  their  origin  in  definite  systems  whose 
free  periods  of  oscillation  are  very  nearly  those  of  the  tidal  forces, 
and  that  the  time  of  high  or  low  ivater  in  each  is  the  time  when 
the  virtual  work  of  the  tidal  forces  upon  the  system  becomes  zero • 

For  the  semidiurnal  tides  there  are  7  such  systems  pointed 
out.  For  the  diurnal  tides  the  systems  are  much  fewer  and 
less  certain.  A  system  may  comprise  several  regions,  com¬ 
paratively  simple  in  form,  styled  “  oscillating  areas.”  If 
these  areas  could  be  partitioned  off,  each  would  have  as  its 
free  period  of  oscillation  approximately  the  period  of  the 
tidal  body.  From  the  tides  thus  produced  are  derived  both 
stationary  and  progressive  waves.  The  former  will  be  noticed 
further  on. 

If  diagrams  are  constructed  showing  the  intensity  and 
direction  of  the  tidal  or  disturbing  forces  for  each  5  or  10 
degrees  of  latitude,  making  separate  figures  for  the  semi- 
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diurnal  and  diurnal  waves,  they  will  often  enable  us  to  ex¬ 
plain  the  causes  of  the  tides  in  large  lakes,  or  in  portions  of 
the  sea,  and  to  foretell  the  approximate  time  and  height  of 
high  or  low  water.  In  a  small  but  deep  enclosed  body  of 
water  the  surface  keeps  nearly  perpendicular  to  the  lines  of 
gravity  as  disturbed  by  the  moon — that  is,  the  tide  approxi¬ 
mately  obeys  the  corrected  equilibrium  theory.  As  exam¬ 
ples  of  this  we  have  the  eastern  portion  of  the  Mediterranean 
sea,  Lake  Superior,  and  less  accurately  Lake  Michigan. 
The  slope  upon  which  the  surface  of  the  water  temporarily 
lies  when  the  maximum  disturbing  forces  are  acting  in  equa¬ 
torial  regions  is,  for  the  mean  moon,  only  0.017  second,  or 
one  vertical  unit  to  about  12  million  horizontal  units.  This 
gives  the  range  of  tide  on  the  coast  of  Syria  and  at  Sicily  as 
about  half  of  a  foot,  and  the  force  diagrams  indicate  that  it 
should  be  high  water  about  9  o’clock  by  the  moon  at  Syria, 
and  6  hours  earlier  at  Sicily,  the  time  meridian  being  that 
of  the  middle  of  the  sea  under  consideration,  which  range 
and  times  of  tide  are  in  practical  accordance  with  observa¬ 
tions.  As  applied  to  Lake  Superior,  it  gives  a  theoretical 
range  of  tide  at  Duluth  of  one  and  a  half  inches,  and  the 
time  of  high  water  at  about  2  hours  45  minutes  by  the  moon, 
both  of  wThich  agree  almost  exactly  with  observations. 

In  applying  the  force  diagrams  to  any  portion  of  the 
ocean,  the  wave  length  is  computed  by  Lagrange’s  formula : 

A'  =s  t  j /  gh  feet, 

where  r  is  the  periodic  time  of  the  forces,  which  may  be 
assumed  to  be  12.4206  solar  hours  for  the  semidiurnal  waves 
and  24.8412  solar  hours  for  the  diurnal  waves ;  g  is  the  accel¬ 
eration  of  gravity,  which  may  be  assumed  to  be  32.1722  feet 
per  second,  and  h  is  the  undisturbed  depth  of  the  water  in 
feet.  Substituting  these  numerical  values  and  extracting 
the  square  root  of  the  value  for  g ,  we  obtain  for  the  length 
of  the  wave : 

A  ==  41.714  V  h  nautical  miles  for  the  semidiurnal  wave  ; 

X  ==  83.429  i/  h  nautical  miles  for  the  diurnal  wave. 
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The  tides  of  many  portions  of  the  ocean  may  be  illustrated 
by  a  pendulum  to  which  small  horizontal  forces  are  applied, 
whose  periods  are  very  nearly  the  free  period  of  the  pendu¬ 
lum.  The  result,  as  stated  in  Rayleigh’s  Theory  of  Sound, 
will  be  that  the  phase  of  the  vibration  of  the  pendulum  will 
be  very  nearly  one-fourth  of  a  period  behind  the  phase  of 
the  forces ;  whereas  the  corrected  equilibrium  theory  re¬ 
quires  an  agreement  of  phases,  and  the  theory  of  forced 
oscillations  requires  opposition  or  agreement  of  phases,  ac¬ 
cording  to  the  dimensions  of  the  body  of  water. 

For  the  purpose  of  illustration,  suppose  we  have  an  east 
and  west  canal  extending  along  the  equator  whose  length 
is  one-half  the  distance  traveled  by  a  free  wave  during  12 
lunar  hours.  The  depth  of  the  canal  is  not  important,  so 
long  as  it  is  not  exceedingly  shallow,  for  the  length  of  the 
canal,  its  period  being  fixed,  is  a  function  of  its  depth. 
If  the  length  of  the  canal  were  sufficiently  small  to  per¬ 
mit  any  disturbance  to  be  propagated  back  and  forth  sev¬ 
eral  times  in  the  period  of  the  tidal  forces,  the  equilibrium 
theory  would  apply,  and  there  should  be  high  water  at  the 
west  end  at  3  o’clock  and  at  the  east  end  at  9  o’clock,  by  the 
moon.  But,  as  we  have  assumed  the  canal  to  be  half  a  wave 
length,  the  equilibrium  theory  cannot  apply,  and  the  phase 
of  the  oscillation  will  be,  like  that  of  the  pendulum,  one- 
fourth  of  a  period  behind  that  of  the  forces ;  consequently 
the  high  waters  occur  at  6  and  12  o’clock,  by  the  moon,  at 
the  west  and  east  ends,  respectively,  of  the  canal.  The  range 
of  the  tide  depends  upon  how  well  the  free  period  of  the  canal 
agrees  with  the  period  of  the  forces  and  upon  the  frictional 
resistance  to  the  motion. 

While  there  are  no  such  convenient  examples  as  this  in 
nature,  we  may  find  rough  approximations  to  it.  For  in¬ 
stance,  if  we  consider  a  belt  or  strip  of  water  having  its  cen¬ 
tral  line  approximately  along  the  parallel  of  10°  south  latitude 
and  extending  on  either  side  about  5°,  its  land  boundaries 
will  be  the  Kongo  States  of  Africa  on  the  east  and  Brazil  on 
the  west.  The  middle  longitude  of  this  belt  is  about  13°  or 
0.9  hour  west.  Hence  the  cotidal  hours,  considered  as  de- 
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pendent  upon  this  region  or  “  oscillating  area/’  would  be  0.9 
+  6  =  6.9,  or  about  7  hours  for  the  west  end,  and  0.9  +  12 
=  12.9,  or  about  13  hours,  which,  since  the  period  of  the  force 
is  12  hours,  is  equivalent  to  1  hour  for  the  east  end.  The 
former  value  agrees  fairly  well  with  the  observed  values  for 
that  portion  of  Brazil,  and  so  might  seem  to  help  explain  the 
controlling  tide  there.  But  other  requirements  for  an  “  os¬ 
cillating  area  ”  prevent  this  from  being  the  true  explanation. 

It  would  be  interesting  to  describe  in  detail  the  seven  sys¬ 
tems  which  have  been  mentioned  as  causing  the  semidiurnal 
tides  in  most  portions  of  the  world,  but  the  difficulties  of  pre¬ 
senting  them  in  a  satisfactory  way  in  a  brief  address  renders 
it  impracticable  to  attempt  it  at  present. 

Passing  on  to  the  localities  forming  fractional  areas  having 
dependent  stationary  waves,  some  of  the  best  known  are  the 
following  bodies  of  water :  The  English  Channel,  the  Irish 
Sea,  the  Gulf  of  St.  Lawrence,  the  Gulf  of  Maine,  Long  Island 
Sound,  Bahia  Grande  (Patagonia),  Chacao  Gulf  (Chile),  the 
Gulf  of  Georgia  (British  Columbia),  and  several  of  the  so- 
called  Alaskan  “  canals,”  the  Bay  of  Bengal,  and  the  Gulf  of 
Suez. 

The  time  alloted  for  this  paper  is  too  short  to  treat  of  all 
the  above  interesting  tidal  bodies  of  water,  and  I  shall  close 
with  a  brief  reference  to  the  tides  of  the  Gulf  of  Suez  and  the 
Gulf  of  Maine. 

The  Gulf  of  Suez  is  the  western  arm  of  the  northern  end  of 
the  Red  Sea.  It  is  about  160  sea  miles  long,  perhaps  15  miles 
broad,  and  has  an  average  depth  of  about  20  or  25  fathoms.  At 
about  one-fourth  of  the  way  from  its  southern  entrance  is  the 
small  village  of  Tor,  which  is  interesting  to  students  of  tidal 
phenomena  because  it  is  one  of  the  comparatively  few  places 
along  the  sea  coasts  of  the  world  at  which  there  is  very  little 
or  no  tide — that  is,  no  perceptible  periodic  vertical  rise  and 
fall  of  the  water — while  at  the  same  time  the  tidal  currents 
or  horizontal  movements  of  the  water  are  quite  marked.  A 
little  way  on  either  side  of  Tor,  or,  more  accurately,  of  Tor 
Bank,  there  is  a  sensible  tide,  which  increases  in  range  quite 
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regularly  as  one  proceeds  either  northward  or  southward 
from  that  point.  It  has  been  observed  that  when  it  is  high 
water  to  the  north  of  Tor  Bank  it  is  low  water  to  the  south  of 
that  place,  and  vice  versa.  Further,  it  is  found  that  when  high 
water  occurs  a  few  miles  north  of  Tor  Bank  it  is  also  high 
water  throughout  all  the  northern  end  of  the  gulf  at  nearly 
the*  same  time,  although  it  is  about  114  miles  to  Suez  at  its 
head,  where  the  spring  tide  is  about  seven  feet.  As  the  water 
at  Tor  is  tolerably  deep  and  the  channel  canal-like,  no  inter¬ 
ference  of  tides  such  as  often  takes  place  in  island  regions  can 
occur,  and  it  has  been  a  puzzle  to  understand  what  causes 
operate  to  destroy  the  tides  while  still  permitting  tidal  cur¬ 
rents  to  exist  there.  The  theory  of  fractional  areas  having 
dependent  stationary  waves  seems  to  furnish  a  satisfactory 
explanation. 

For  the  purpose  of  illustration  of  what  this  theory  paeans, 
let  us  assume  a  trough  of  water  resting  upon  some  support 
like  an  ordinary  table  which  is  not  perfectly  rigid.  By 
adapting  the  depth  of  water  in  proportion  to  the  length  of 
the  trough,  it  is  easy  to  impart  to  the  water  a  regular  period 
of  oscillation  of  half  a  wave  length  or  any  desired  odd  mul¬ 
tiple  of  half  a  wave  length  by  gently  pushing  against  one 
end  of  the  trough  at  properly  timed  intervals.  If  small 
pieces  of  cork  or  other  floats  are  scattered  over  the  surface  of 
the  water,  one  can  observe  what  is  going  on.  For  simplicity, 
suppose  an  oscillation  of  half  a  wave  length  is  started  in  the 
trough,  it  will  be  high  water  throughout  one-half  of  the 
length  of  the  trough  while  it  is  low  water  throughout  the 
other  half  length  at  the  same  time,  and  in  the  middle  there 
will  be  no  vertical  displacement.  The  pieces  of  cork  at  either 
end  will  rise  and  fall  with  the  water,  but  have  very  little 
horizontal  motion,  while  the  corks  in  the  middle  will  oscil¬ 
late  back  and  forth  for  some  distance  on  either  side  of  the 
middle,  without  any  sensible  up  and  down  motion. 

Now,  returning  to  the  Gulf  of  Suez  once  more,  it  has  been 
found,  by  a  study  of  the  soundings,  that  the  distance  between 
Tor  Bank  and  Suez  is  just  about  one-quarter  of  a  wave  length. 


18— Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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as  given  by  Lagrange’s  formula — that  is,  it  corresponds  to  one- 
half  of  the  trough  just  mentioned.  The  tidal  motion  of  the 
rest  of  the  Red  sea  imparts  regular  impulses  to  the  waters  of 
the  Gulf  of  Suez,  which  behaves  exactly  as  the  water  in  the 
trough  did — that  is,  it  forms  a  nodal  line  at  Tor  with  no  tide, 
although  having  tidal  currents.  The  phase  of  tide  is  reversed 
above  and  below  the  node,  and  it  is  high  water  at  the  same 
time  all  the  way  from  Tor  Bank  to  Suez.  It  is  seldom  that 
laboratory  experiments  fit  so  beautifully  to  the  conditions 
of  nature  as  in  this  case. 

In  the  Gulf  of  Maine,  including  the  Bay  of  Fundy,  the 
boundaries  are  not  so  regular  and  canal-like  as  in  the  Gulf  of 
Suez,  but  there  is  considerable  evidence  of  a  stationary  wave 
there.  If  we  take  Georges  Bank  as  the  southern  or  sea  edge  of 
the  Gulf  of  Maine,  its  length  to  Eastport  is  about  200  sea  miles, 
and  to  St.  John,  N.  B.,  perhaps  40  miles  more.  The  average 
depth  is  about  85  fathoms,  which  is  just  about  the  depth  re¬ 
quired  by  Lagrange’s  formula  to  produce  one-quarter  of  the 
length  of  a  free  wave  in  the  length  of  the  gulf.  If  the  con-, 
ditions  were  such  that  the  basin  had  regular  parallel  side  walls, 
the  slope  of  the  bottom  near  the  shore  reaching  the  average 
depth  so  quickly  that  the  slanting  portion  was  but  a  small 
fraction  of  the  whole  length,  while  the  length  of  the  basin 
was  exactly  that  required  for  one-fourth  of  a  free  wave, 
gigantic  tides  would  be  formed.  But,  as  only  rough  ap¬ 
proximations  to  these  conditions  exist,  we  have  tides  of  10 
feet  in  Boston  harbor,  far  off  to  the  extreme  west  of  the  Gulf, 
the  range  gradually  increasing  as  the  axis  is  approached 
until  it  becomes  20  feet  at  the  entrance  to  the  Bay  of  Fundy. 
This  bay,  being  a  shallowing  and  narrowing  corner  of  the 
Gulf-of-Maine  area,  has  an  unusually  large  range  of  tide; 
but  there  is  a  further  increase  toward  the  head  and  in  the 
arms  of  the  bay,  due  to  the  fact  that  the  energy  of  the  pro¬ 
gressive  portion  of  the  wave  is  well  conserved  from  point  to 
point.  The  range  becomes  greater  and  greater  as  the  cross- 
section  diminishes,  until  at  its  head  it  attains  the  enormous 
range  of  50  feet  at  spring  tides,  and  sometimes,  in  rare  in- 
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stances,  there  seems  to  be  good  authority  for  extreme  ranges 
of  even  70  feet  having  occurred. 

Throughout  the  Gulf  of  Maine  the  time  of  high  water  is 
nearly  simultaneous,  but  in  the  arms  of  the  Bay  of  Fundy 
the  tide  is  largely  progressive.  On  the  seaward  edge  of  the 
Gulf  of  Maine,  at  Georges  Bank,  the  tide  is  quite  small,  but 
the  tidal  currents  are  strong  enough  to  produce  heavy  tide 
rips  in  many  places,  much  of  which  is  quite  similar  to,  but 
more  complex  than,  the  tidal  movements  of  the  Gulf  of 
Suez. 

There  have  appeared  from  time  to  time  quite  a  number  of 
valuable  papers  upon  the  theory  of  tides;  but  I  shall  not 
attempt  to  refer  to  them  at  present  because,  with  some  few 
exceptions,  they  may  be  regarded  as  solutions  of  special  prob¬ 
lems  in  hydrodynamics  rather  than  as  contributions  to  our 
practical  knowledge  of  the  tides,  for  they  generally  assume 
conditions  which  are  not  found  in  nature. 
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MODERN  PROBLEMS  IN  ACOUSTICS. 


BY 

Charles  Kasson  Wead. 


[Read  before  the  Society,  April  14,  1900.] 


I.  In  the  history  of  Acoustics  two  names  are  preeminent, 
Chladni,  the  text-book  writer,  who  united  to  wide  knowledge 
of  the  subject  great  ingenuity  and  experimental  skill,  and 
Helmholtz,  in  whom  there  was  a  unique  combination  of 
mathematician,  physiologist,  physical  experimenter,  and 
musician.  His  Sensations  of  Tone  as  a  physical  basis  for  music , 
published  (in  German)  in  1863,  and  the  monographs  summed 
up  in  it,  contained  enough  in  each  of  these  four  lines  to  make 
one  famous.  The  book  has  for  nearly  forty  years  dominated 
the  thoughts  of  most  people  who  believe  that  the  science  of 
Acoustics  has  anything  to  teach  musicians.  Still  it  is  sig¬ 
nificant  thjat  musicians  have  largely  refused  to  recognize  its 
sway,  some  showing  crass  ignorance  in  their  comments, 
others  making  it  clear  that  there  is  something  in  the  appeal 
of  music  to  the  mind  and  heart  of  man  that  eluded  his  phi¬ 
losophy.  Though  this  ancient  question  of  the  physical  basis 
of  music  is  still  a  problem,  there  is  time  here  to  note  but  two 
points,  and  these  have  reference  rather  to  the  mode  of  attack 
than  to  the  problem  itself :  (1)  That  which  scholarly  musi¬ 
cians  of  today  think  of  as  music  differs  to  an  important  ex¬ 
tent  from  what  was  in  Helmholtz’s  mind  forty  years  ago  as 
truly,  though  not  as  widely,  as  it  differs  from  mediaeval 
music ;  (2)  materials  available  in  recent  years  for  the  his¬ 
torical  study  of  European  and  Oriental  scales  disclose  sev¬ 
eral  consciously-used  principles  of  scale-building  which  could 
not  result  in  the  diatonic  or  harmonic  scales  for  which  Helm- 

Note. — Names  in  parentheses  are  of  past  or  present  members  of  the 
Society. 
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holtz’s  overtone  and  resultant-tone  theory  furnished  so  strong 
a  justification.  Perhaps  the  greatest  value  of  the  book  has 
been  its  stimulus  to  investigation  in  many  fields,  especially 
in  the  psychology  of  music  ;  yet  in  spite  of  all  our  modern 
progress  the  greater  part  of  the  work  remains  as  indispen¬ 
sable  as  ever. 

II.  Since  the  publication  of  Helmholtz’s  work  the  most 
noteworthy  things  in  connection  with  Acoustics  have  been 
these : 

(1.)  The  multiplying  and  perfecting  of  methods  and  in¬ 
struments,  especially  by  Koenig  and  Appunn ;  the  develop¬ 
ment  and  use  of  the  phonograph  ;  the  applications  of  pho¬ 
tography. 

(2.)  The  publication  of  Rayleigh’s  mathematical  Theory  of 
Sound ;  of  the  ten  volumes  of  the  Vierteljahrsschrift  fur  Musik- 
wissenschcift,  full  of  scholarly  monographs  on  the  musical 
and  historical  side,  and  of  Ellis  and  Hipkins’  researches  on 
musical  scales. 

(3.)  The  developments  in  musical  instruments  (especially 
the  piano),  so  giving  us  instruments  of  more  accurate  intona¬ 
tion  and  greater  power,  and  unfortunately  driving  out  the 
older,  soft-toned  instruments. 

(4.)  The  general  introduction  into  the  household  of  the 
piano  or  reed  organ,  often  leading  psychologically  to  the  con¬ 
viction  that  there  can  be  no  music  without  harmony. 

(5.)  The  building  up  of  several  great  collections  of  musi¬ 
cal  instruments  from  various  lands  and  times,  and  the  pub¬ 
lication  of  books  and  monographs  based  thereon. 

(6.)  The  accumulation  of  a  vast  amount  of  observations 
and  experiments  in  the  field  of  music-psychology. 

III.  Confining  our  attention  now  to  Physical  Acoustics, 
we  may  consider  a  little  more  in  detail  some  of  the  recent 
advances  that  can  readily  be  grouped  together. 

The  Velocity  of  Sound  in  free  air  has  been  shown  to  in¬ 
crease  greatly  for  very  intense  sounds,  and  has  been  meas¬ 
ured  in  air  compressed  up  to  100  atmospheres.  When  the 
air  is  confined  in  tubes  the  velocity  is  found  to  be  a  function 
of  the  diameter  and  nature  of  the  walls  and  of  the  pitch  of 
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the  sound.  The  velocity  in  solids  has  been  much  studied, 
and  measured  even  in  soft  bodies  like  paraffin  and  rubber. 

The  Frequency  of  Vibration,  in  specially  favorable  cases, 
can  now  be  measured  to  within  a  few  parts  in  a  million  ;  so 
the  writing  tuning-fork  is  now  the  usual  means  of  dividing 
a  second,  say  into  100  parts ;  but  in  ordinary  cases,  especially 
where  the  pitch  is  high,  or  the  sound  weak  or  short  of  dura¬ 
tion,  as  in  musical  performances,  errors  of  some  per  cent  are 
frequent.  Quite  recently  the  sets  of  high  forks  made  by 
Appunn  for  physiologists  have  been  found  to  be  extrava¬ 
gantly  in  error ;  but  as  partial  compensation  for  the  disap¬ 
pointment  the  science  has  been  enriched  by  new  experi¬ 
mental  methods.  * 

Of  extreme  importance  to  the  modern  physicist  is  the 
question  of  the  energy  involved  in  any  movement.  The 
experimental  study  of  the  Energy  of  Vibration  began,  I  be¬ 
lieve,  with  the  ingenious  optical  determination  by  Toepler 
and  Boltzman,  in  1870,  of  the  actual  variations  in  density  in 
the  air  of  a  sounding  organ  pipe  and  the  distance  at  which 
it  could  be  heard,  and  so  of  the  amount  of  energy  per  second 
required  at  the  limit  of  hearing.  More  recently  a  Swedish 
experimenter  found  by  thrusting  periodically  a  thermopile 
mounted  on  a  tuning-fork  prong  into  a  sounding  pipe  at  the 
node  a  rise  of  0°.l  C.,  due  to  the  adiabatic  compression  of 
the  air.  Since  1870  experiments  on  the  energy  of  organ  pipes 
have  been  multiplied  and  refined.  Similarly  determina¬ 
tions  on  the  intensity  of  telephone  currents  and  the  move¬ 
ment  of  its  disc  have  testified  to  the  incredible  sensitiveness 
of  the  ear  (A.  G.  Bell).  An  amplitude  of  vibration  of  air  par¬ 
ticles  of  only  one-fifteen-millionth  of  a  millimeter  in  the 
region  of  440  d.  v.  produces  sensation. 

Other  investigators  have  traced  the  expenditure  of  the 
energy  stored  in  a  vibrating  mass ;  so  the  rate  of  damping 
of  forks  under  various  conditions  has  been  observed  (Wead) ; 
also  the  dissipation  of  energy  in  a  resonator  and  the  decay 
of  sound  in  free  air.  It  has  been  noted  that  a  sound  reflected 
repeatedly  through  a  tunnel  changes  in  quality,  owing  to  the 
more  rapid  absorption  of  the  overtones  of  high  pitch.  A  con- 
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trary  analytical  effect  is  observed  in  some  cases  of  echoes,  as 
from  a  forest,  where  the  sound  of  the  voice  seems  to  come 
back  raised  an  octave. 

The  relative  absorbing  power  of  various  fabrics  has  lately 
been  measured  by  Sabine.  From  his  data  I  calculate  that 
for  a  note  of  256  d.v  0.33  of  the  energy  falling  on  a  sheet  of 
hair-felt  one-half  inch  thick  is  absorbed. 

A  few  instruments  have  been  devised  to  produce  a  tone  of 
definite  reproducible  intensity,  and  other  instruments  to  in¬ 
dicate  or  measure  the  intensity  of  vibration  at  a  given  point. 
In  Wien’s  beautiful  manometer  the  minute  yielding  of  a  part 
of  the  wall  of  a  resonator  is  measured  by  mirror  and  scale  to 
one-five-hundredth  part  of  its  maximum  Amount,  while  the 
absolute  value  of  the  scale  readings  is  determined  to  within 
a  few  per  cent. 

The  study  of  Forms  of  Vibration  or  Quality  of  Sound  has 
been  prosecuted  both  synthetically  and  analytically.  Koenig 
many  years  ago  challenged  Helmholtz’s  conclusion  that  the 
quality  of  sound  depended  only  on  the  strength  of  the  over¬ 
tones,  not  on  their  relative  phase,  and  he  invented  his  wave 
siren  to  prove  his  position.  In  this  instrument  the  flow  of 
air  through  several  slits  is  carved  into  waves  by  several 
rotating  discs,  whose  edges  are  cut  into  harmonic  curves. 
More  recently  he  has  greatly  perfected  it  and  attempted  to 
meet  various  criticisms  made  against  his  earlier  work ;  but 
so  many  lines  of  argument  support  Helmholtz’s  view  that  I 
do  not  think  this  brilliant  attack  will  generally  be  admitted 
to  have  conquered  the  field.  A  more  reliable  means  of  syn¬ 
thesis  than  the  wave  discs  is  found  in  Appunn’s  sets  of  organ 
pipes.  These  furnish  a  great  number  of  harmonics  of  one 
fundamental,  and  for  each  harmonic  there  are  two  pipes — a 
weak-toned  and  a  strong-toned  one. 

Analytically  the  problem  of  form  of  vibration  has  been 
attacked  in  various  ways,  especially  by  photography.  If 
the  vibration  to  be  examined  is  in  the  air,  either  the  Koenig 
flames  connected  to  a  set  of  resonators  may  be  photographed 
(Hallock),  or  a  little  mirror  on  a  convenient  speaking  tube 
may  throw  a  spot  of  light  on  the  sensitive  plate.  If  the 
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sounding  body  is  a  wire,  it  is  mounted  to  vibrate  before  a 
transverse  slit,  through  which  light  falls  on  the  sensitive 
surface  moving  parallel  to  the  string.  Compound  curves 
produced  in  either  way  are  then  subjected  to  harmonic 
analysis.  This  method  of  studying  vowels  was  first  used  by 
Boltzman  in  1882,  and  a  few  years  later  Mach  obtained  pho¬ 
tographs  of  sound  waves  in  air. 

The  superposition  of  two  waves  has  been  further  studied 
with  reference  to  the  pitch  actually  observed  when  two  notes 
are  beating.  The  old  theory  of  combination  tones  has  been 
rudely  shaken  and  their  objective  existence  proved  in  cer¬ 
tain  rare  cases.  Mechanical  superposition  of  harmonic 
motions  has  been  obtained  by  many  elaborate  forms  of  har- 
monographs  or  curve-tracers  (Michelson).  The  complex 
curves  due  to  vowels  and  other  speech  sounds  have  been 
much  studied,  especially  by  the  aid  of  the  phonograph. 

Two  or  three  matters  of  industrial  as  well  as  scientific 
importance  may  also  be  noted,  viz.,  the  enormous  develop¬ 
ment  of  speaking  instruments — phonograph,  graphophone 
(C.  A.  Bell),  gramophone;  the  adoption  by  the  Piano  Makers’ 
Association  of  the  United  States  of  the  French  standard 
tuning  fork,  giving  A  ==  435  d.  v.,  and  the  many  improve¬ 
ments  in  organ  pipes  and  reed  stops  that  show  a  practical 
control  over  the  wind  sheet  such  as  the  older  builders  had 
not  obtained. 

IV.  Some  of  the  problems  remaining  to  be  solved  are 
these : 

(1.)  In  pure  physics :  the  simplification  of  the  means  for 
the  precise  determination  of  pitch  in  ordinary  practical  cases ; 
the  establishment  of  convenient  standards  of  intensity,  and 
the  perfecting  of  experimental  means  of  measuring  intensb 
ties ;  the  development  of  means  for  the  thorough  analysis  of 
sounds. 

(2.)  In  connection  with  instruments :  the  thorough  study 
of  the  action  of  the  sounding  board  of  a  piano,  of  reeds  as 
actually  used  in  common  instruments,  and  of  the  laws  of  the 
perforated  tube  as  applied  in  flutes,  etc. ;  the  determination 
of  the  quality  of  tone  produced  by  our  common  instruments 

19— Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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under  the  conditions  occurring  in  practice.  Some  day  it 
will  be  possible  to  make  as  thorough  and  scientific  an  exam¬ 
ination  of  a  musical  instrument  as  it  now  is  of  a  steam-plant 
or  dynamo.  On  all  the  points  just  noted  current  statements 
are  inadequate,  for  the  art  is  now  so  developed  that  the 
knowledge  of  the  laws  of  vibrating  bodies  to  the  first  approx¬ 
imation  only  is  insufficient  for  future  guidance. 

(3.)  In  connection  with  Architecture :  the  determination 
of  the  reflection  or  absorption  coefficient  of  the  various  ma¬ 
terials  used  in  building  for  inside  walls,  with  the  numerical 
evaluation  of  the  several  factors  that  influence  the  acoustic 
properties  of  an  auditorium;  and  the  acoustic  survey  of 
auditoriums,  showing  the  intensity  of  sound  at  all  points 
where  hearers  might  be  placed. 

(4.)  In  connection  with  practical  life :  there  is  the  impor¬ 
tant  problem  of  fog  signals  still  unsolved. 

(5.)  On  the  side  of  Psychology  and  Music  there  may  be 
named  as  problems  for  the  future  the  further  study  of  the 
capabilities  and  deficiencies  of  the  human  ear ;  the  influence 
of  instruments  on  musical  conceptions ;  the  historical,  psy¬ 
chological,  and  practical  nature  of  the  scales  in  use  among 
various  peoples.  These  branches  bring  our  material  study 
into  intimate  relations  with  human  development. 

V.  In  view  of  the  manifold  interests  that  center  in  the 
subject  of  Acoustics,  scientific  and  commercial,  aesthetic  and 
utilitarian,  specific  and  general,  it  seems  strange  that  neither 
by  endowment  in  connection  with  a  University  nor  by  Gov¬ 
ernment  appropriation  has  provision  been  made  for  a  well- 
equipped  Acoustical  Laboratory;  for  here  the  same  reasons 
apply  that  justify  similar  expenditures  for  so  many  other 
branches  of  science,  viz.,  that  the  subject  is  of  large  impor¬ 
tance,  either  industrially  or  in  its  relation  to  past  and  pres¬ 
ent  human  activities  ;  that  the  results  of  investigation  would 
be  of  value  to  the  community  at  large,  being  far  wider  than 
could  be  monopolized  by  the  investigators ;  that  the  neces¬ 
sary  expenses  are  beyond  the  means  of  the  individual  ex¬ 
perimenter,  and  that  nowhere  in  this  country  or  in  the  world 
is  there  any  systematic  exploiting  of  this  field. 


THE  TENDENCY  OF  METHODS  FOR  THE  MEAS¬ 
UREMENT  OF  THE  FORCE  OF  GRAVITY 
ON  THE  OCEAN. 

BY 

G.  W.  Littlehales. 


Considering  the  degree  of  advancement  that  has  been 
reached  in  the  adaptation  of  instrumental  means  to  the 
necessities  of  gravitational  research  on  the  land,  it  is  worthy 
of  remark  that  no  beginning  has  yet  been  made  in  gather¬ 
ing  the  observations  that  will  reveal  a  knowledge  of  the 
variations  of  the  force  of  gravity  over  the  oceanic  areas  of 
the  globe. 

Even  under  exceptional  circumstances  of  calm  at  sea,  the 
unsteadiness  of  the  observing  platform  and  the  consequent 
effect  upon  the  inertia  of  masses  are  such  as  to  preclude  the 
application  of  methods  depending  upon  the  measurement 
of  the  time  of  flight  of  a  plummet,  or  the  oscillation  of  a 
pendulum,  or  the  changing  relation  with  change  of  locality 
between  a  given  mass  and  its  weight.  Experiments,  which 
have  fallen  short  of  success,  were  undertaken  with  a  view 
of  examining  into  the  possibility  of  using  the  Electric  Clep¬ 
sydra  for  the  measurement  of  relative  qualities  of  mercury 
discharged  in  the  same  interval  of  time  at  different  locali¬ 
ties  through  an  orifice  in  the  bottom  of  a  vessel  of  compar¬ 
atively  large  cross-section  (U.  S.  Naval  Ordnance  Papers, 
No.  4).  Such  an  apparatus  has  been  in  satisfactory  use  for 
the  measurement  of  minute  intervals  of  time  at  stations 
where  the  force  of  gravity  has  been  accurately  determined, 
and,  being  swung  in  gimbals  from  the  beams  of  a  ship,  ap¬ 
peared  to  need  no  modification  beyond  the  inclusion  of  a 
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break-circuit  chronometer  in  the  electrical  circuits  which 
actuate  the  magnets  for  opening  and  closing  the  valve  at 
the  orifice.  The  quantities  of  mercury  that  were  run  out  at 
the  various  places  of  observation  were  saved  and  afterwards 
weighed  where  a  weighing  balance  of  precision  could  be  used, 
but  the  results  were  not  such  as  to  encourage  the  investi¬ 
gator  to  hope  that  the  refinements  of  measurement  requisite 
for  the  determination  of  the  relative  force  of  gravity  at  the 
various  stations  could  be  attained  in  this  manner. 

Nearly  twenty  years  ago  Mascart  made  trials  to  determine 
the  variation  of  the  force  of  gravity  from  place  to  place  by 
a  method  which  should  prove  almost  as  practicable  at  sea 
as  on  land.  He  used  a  syphon  barometer  whose  short  arm 
was  closed,  and  contained  a  certain  quantity  of  gas.  At  a 
given  temperature  this  gas  had  a  certain  volume  and  exerted 
a  certain  pressure  to  contribute  toward  balancing  the  mer¬ 
curial  column :  the  greater  the  force  of  gravity,  the  shorter 
the  barometric  height  corresponding  to  the  pressure.  The 
apparatus  is  reported  to  have  been  tested  up  to  69°  of  north 
latitude,  but  the  correction  for  temperature  introduced  such 
difficulties  that  the  required  exactness  could  not  be  attained. 

Recently  Prof.  H.  Mohn  has  published  a  method  which, 
having  already  afforded  him  some  degree  of  practical  satis¬ 
faction  on  land,  awaits  trial  at  sea  (Das  Hypsometer  als 
Luftdruckmesser  und  seine  Anwendung  zur  Bestimmung  der 
Schwerekorrektion,  Christiania,  1899).  He  employed,  side  by 
side,  a  boiling-point  apparatus  and  a  mercurial  barometer, 
and  obtained  a  direct  function  of  the  value  of  the  force  of 
gravity  by  comparing  the  true  atmospheric  pressure,  as  in¬ 
dicated  by  the  temperature  of  unconfined  steam,  with  the 
pressure  indicated  by  the  height  of  the  barometric  column. 
To  attain  the  necessary  degree  of  exactness  in  determining 
boiling  points  to  meet  the  requirements  of  this  method,  it 
has  been  necessary  to  construct  a  thermometer  capable  of  in¬ 
dicating  temperatures  within  one-five-hundredth  part  of  a 
degree  on  the  centigrade  scale.  Dr.  Guillaume,  of  the  In¬ 
ternational  Bureau  of  Weights  and  Measures  at  Paris,  appears 
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also  to  have  suggested  some  years  ago  that  the  force  of  gravity 
on  the  ocean  might  be  determined  in  this  manner. 

A  method  analogous  to  that  of  Mohn  was  suggested  some 
years  ago  by  Freiherr  v.  Wiillersdorff  Urbair,  using  in  place 
of  the  hypsometer  an  aneroid  barometer  (Das  Aneroid  als 
Instrument  zur  Messung  der  Aenderung  der  Schwere,  Zeit- 
schr.  d.  osterr.  Gesell.  f.  Meteorologie,  Bd.  I.,  1866,  Seite  97). 
Until  the  immediate  present,  however,  the  indications  of  all 
instruments  like  the  aneroid  have  proved  untrustworthy, 
owing  to  the  irregular  variations  of  the  elasticity  of  metals. 
A  remedy  has  recently  been  found  for  this  by  keeping  the 
instrument  under  a  contant  atmospheric  pressure,  except 
during  the  brief  interval  necessary  for  observation.  By 
means  of  this  method  a  distinct  advance  seems  to  have  been 
achieved,  and  the  application  of  the  aneroid  to  the  measure¬ 
ment  of  the  variation  of  the  force  of  gravity  is  much  more 
feasible  than  hitherto.  As  the  result  of  a  comparison  made 
in  1898  between  one  of  these  improved  aneroids  and  a  mer¬ 
curial  barometer,  it  is  stated  that  the  extreme  differences 
between  the  indications  of  the  two  instruments  were  + 1.7  mm. 
and  —  0.8  mm.,  although  the  test  covered  a  range  in  height 
of  3,800  meters  and  extended  over  a  period  of  six  weeks. 


RECENT  PROGRESS  IN  GEODESY. 


BY 

John  Fillmore  Hayford. 


[Read  before  the  Society  February  16,  1901.] 


So  much  has  been  published  during  the  past  year  in  regard 
to  recent  events  in  the  world  of  geodesy  that  there  is  appar¬ 
ently  little  to  be  said  upon  this  occasion  ;  but  a  bird’s-eye  or 
general  view  of  a  subject  has  its  own  special  interest  and 
value,  even  to  those  who  are  familiar  with  the  details. 

It  is  not  necessary  to  review  the  recent  progress  in  geodesy 
in  foreign  countries,  since  such  a  review  was  presented  in 
January  before  the  Society  in  the  form  of  a  report  upon  the 
International  Geodetic  Association  Conference  of  1900  by 
Mr.  Isaac  Winston,  the  delegate  on  the  part  of  the  United 
States  to  that  conference,  and  this  report  is  in  print.* 

The  principal  geodetic  enterprise  now  on  foot  in  the  United 
States  is  the  measurement  of  a  great  arc  along  the  ninety- 
eighth  meridian  from  the  Rio  Grande  to  the  Canadian  border. 
Work  upon  this  arc  was  commenced  in  1896.  The  present 
state  of  the  undertaking  is  that  the  reconnaissance  is  com¬ 
plete  from  northern  Nebraska  to  the  Rio  Grande ;  that  the 
triangulation — that  is,  the  measurement  of  the  horizontal 
and  vertical  angles — is  complete  from  latitude  42J  degrees, 
in  northern  Nebraska,  to  latitude  38  J  degrees,  in  southern 
Kansas,  a  distance  of  about  300  miles  along  the  meridian. 
Nine  bases  have  been  measured  along  this  arc  in  addition  to 

*See  Science,  January  25,  1901,  pp.  129-133.  A  more  complete  report 
upon  the  conference  is  published  in  Revue  Generate  des  Sciences,  No¬ 
vember  15,  1900,  pp.  1175-1183;  November  30, 1900,  pp.  1224-1233. 
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the  Salina  base,  on  the  thirty-ninth  parallel  arc,  which  serves 
also  to  control  the  lengths  on  a  portion  of  the  ninety-eighth 
meridian  arc.  But  four  more  bases  are  necessary  for  this 
arc,  one  at  the  Rio  Grande  and  three  in  the  Dakotas. 

During  the  year  1900  two  triangulation  parties  were  in 
operation,  one  working  northward  in  Nebraska  and  the  other 
southward  in  Kansas.  A  base  party  of  ten  officers  and  men, 
which  arrived  on  the  working  ground  on  July  16,  1900,  in 
Nebraska,  had  by  January  23,  1901,  standardized  the  base 
apparatus  twice,  at  the  beginning  and  end  of  the  season,  and 
had  measured  the  nine  primary  bases  referred  to  above. 
The  probable  error  of  each  base  is  less  than  one  part  in  a 
million.  If  this  feat  of  measuring  nine  bases,  as  well  as 
standardizing  the  apparatus,  in  but  little  more  than  six 
months,  while  holding  the  accuracy  up  to  the  best  standards 
of  the  past,  is  considered  with  reference  to  the  moderate  size 
of  party  and  the  time  which  has  been  required  for  former 
primary  base  measurements,  it  will  be  seen  that  there  has 
been  no  lack  of  progressiveness  along  this  line. 

One  of  the  events  of  the  year  has  been  the  connection  of 
the  gravity  measures  in  the  United  States  with  those  in 
Europe  by  swinging  a  set  of  the  half-second  pendulums, 
which  serve  to  determine  the  relative  values  of  gravity,  at 
the  base  station  at  Washington  and  at  the  European  stations 
at  London,  Paris,  and  Potsdam,  at  which  the  more  impor¬ 
tant  European  absolute  measures  have  been  made.  The  re¬ 
sult  of  this  expedition  is  to  import,  at  a  very  small  cost  in 
time  and  money,  the  expensive  and  laborious  determinations 
of  the  absolute  value  of  gravity  which  have  been  made  in 
Europe. 

During  the  last  two  years  the  instrument  and  the  methods 
used  in  the  precise  leveling  of  the  Coast  and  Geodetic  Survey 
have  been  radically  changed  with  a  view  to  increasing  both 
the  accuracy  and  rapidity  of  the  work.*  The  evidence  as  to 
the  accuracy  of  the  new  work  is  rapidly  accumulating  and 


*See  Proceedings  of  the  American  Society  of  Civil  Engineers,  Novem¬ 
ber,  1900,  pp.  1113-1161. 
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so  far  fully  justifies  the  changes  made.  The  lines  of  level" 
ing  are  being  rapidly  extended,  a  total  of  1,750  miles  having 
been  run  during  the  last  two  years. 

The  most  marked  progress,  however,  in  the  matter  of 
leveling  has  been  the  adjustment  of  the  level  met  covering 
the  eastern  half  of  the  United  States.  More  than  13,000 
miles  of  precise  leveling  had  been  run  by  various  organiza¬ 
tions  in  the  United  States.  But  until  within  a  year  the  re¬ 
sults  had  not  been  correlated.  To  obtain  the  results  it  was 
necessary  to  search  through  scores  of  volumes,  and  even 
when  this  had  been  done  it  was  found  that  the  results  had 
been  published  as  if  each  line  or  group  of  lines  was  entirely 
independent  of  the  others,  whereas  in  fact  the  connections 
existed  for  treating  the  whole  as  a  single  net  upon  one 
basis.  The  adjustment  of  this  net  has  now  been  made. 
The  elevations  and  descriptions  of  the  four  thousand  perma¬ 
nent  bench-marks  connected  with  the  net  and  the  principal 
items  of  information  in  regard  to  each  of  the  lines  have 
been  published  in  a  single  volume.* 

During  the  year  the  report  upon  the  transcontinental 
triangulation,  which  marks  an  epoch  in  the  history  of  ge¬ 
odesy  in  the  United  States,  has  been  published.!  The  com¬ 
putation  of  the  eastern  oblique  arc,  extending  from  Maine 
to  Louisiana,  has  been  also  completed,!  and  the  report  will 
soon  be  ready  for  the  printer.  The  relations  between  the 
measures  of  the  earth  made  in  the  United  States  and  the 
previously  accepted  values  for  the  earth’s  size  are  shown  in 
the  table  given  below. 

*  See  Appendix  8  of  the  Coast  and  Geodetic  Survey  Report  for  1898- 
1899,  pp.  347-886. 

f  The  Transcontinental  Triangulation,  Special  Publication  No.  4,  of  the 
Coast  and  Geodetic  Survey,  Washington,  1900,  4to,  871  pages. 

X  See  “  Recent  Contributions  to  our  Knowledge  of  the  Earth’s  Shape 
and  Size  by  the  United  States  Coast  and  Geodetic  Survey.”  C.  A. 
Schott,  The  National  Geographic  Magazine,  January,  1901,  pp.  36-41. 
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Equatorial 
radius,  a, 
in  meters. 

Polar  semi¬ 
axis,  6, 
in  meters. 

Compres¬ 
sion 
( a-b ) /  a. 

Bessel  spheroid  of  1841 . 

6,377,397 

6,356,079 

1/299.2 

Clarke  spheroid  of  1866 . 

Harkness,  1891.  From  ‘  ‘  Th  e  Solar 
Parallax  and  Related  Constants,” 
Washington,  1891,  p.  138.  From 

6,378,206 

6,356,584 

1/295.0 

a  variety  of  sources . 

The  spheroid  determined  by  the 
thirty-ninth  parallel  triangula¬ 
tion  and  the  Lake  Survey  arc  of 

6,377,972 

6,356,727 

1/300.2 

the  meridian . 

The  spheroid  determined  by  the 
thirty-ninth  parallel  triangula¬ 

6,377,912 

6,356,309 

1/295.2 

tion  and  Peruvian  arc . 

Eastern  oblique  arc  of  the  United 

6,378,027 

6,356,819 

1/300.7 

States  . 

Nantucket  and  Pamlico-Chesapeake 
arcs  of  meridian  and  Peruvian 

6,378,157 

6,357,210 

1/304.5 

arc  of  meridian . 

Lake  Erie  arc  of  parallel  and  Peru¬ 

6,378,054 

6,357,175 

1/305.5 

vian  arc  of  meridian . 

6,379,822 

6,357,716 

1/288.6 

The  last  two  determinations  shown  in  the  table  are  of 
light  weight  in  comparison  with  the  preceding  three. 

A  study  of  these  values  will  show  that  the  modem  observa¬ 
tions  in  the  United  States  indicate  that  the  true  value  of  the 
equatorial  radius  lies  between  the  Clarke  and  Bessel  values, 
but  nearer  the  Clarke  value,  and  for  the  polar  semi-axis  is  a 
little  greater  than  the^Clarke  value. 

Having  in  mind  the  large  number  of  astronomical  stations 
attached  to,  and  the  large  area  covered  by,  the  arcs  already 
utilized  in  the  United  States,  as  indicated  above,  it  is  rea¬ 
sonably  safe  to  predict  that  if  the  United  States  is  eventu¬ 
ally  completely  covered  by  triangulation  and  astronomical 
stations  are  liberally  supplied  everywhere  and  the  mean 
figure  deduced  from  these  observations  alone,  regardless  of 
those  made  in  other  countries,  neither  the  equatorial  radius 
nor  the  polar  semi-axis  so  computed  will  differ  from  the 
Clarke  values  of  1866  by  as  much  as  500  meters,  and  it  is 
about  an  even  chance  that  either  value  will  not  differ  from 
the  corresponding  Clarke  value  by  more  than  170  meters, 
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this  being  about  the  height  of  the  Washington  monument. 
In  other  words,  there  is  little  likelihood  that  the  Clarke 
spheroid  of  1866,  now  used  as  the  standard  in  this  country, 
differs  from  the  spheroid  which  will  most  nearly  fit  this 
country  alone  by  more  than  one  part  in  12,000,  and  there  is 
an  even  chance  that  it  does  not  differ  from  it  by  more  than 
one  part  in  36,000. 

It  is  reasonably  safe  to  make  the  same  prediction  in  regard 
to  the  earth  spheroid,  or  the  spheroid  which  will  most  nearly 
fit  all  the  measures  which  may  hereafter  be  made  in  all 
countries,  as  has  been  made  above  for  the  spheroid  which 
will  most  nearly  fit  the  United  States. 


THE  PROGRESS  OF  ASTRONOMY  IN  1900. 


BY 

T.  J.  J.  See. 


[Read  before  the  Society  March  2,  1901.] 


In  a  brief  sketch  of  the  astronomical  work  accomplished 
during  the  year  1900  mention  can  be  made  only  of  those  re¬ 
searches  which  are  known  to  the  public,  and  even  of  these 
the  notes  must  be  very  incomplete.  Yet  even  an  imperfect 
summary  may  be  useful  in  calling  attention  to  investigations 
which  are  worthy  of  more  careful  study.  Many  other  in¬ 
vestigations  whose  importance  is  not  yet  fully  realized  will 
be  passed  over  in  silence. 

In  connection  with  the  sun,  attention  may  be  called  to  the 
determination  of  the  solar  parallax  by  the  French  Bureau 
des  Longitudes  from  observations  of  the  transit  of  Venus  of 
1882.  M.  Bouquet  de  la  Grye,  who  has  just  finished  the  re¬ 
ductions,  discussed  the  work  of  five  observers,  who  used  8- 
inch  telescopes,  two  north  and  three  south  of  the  equator, 
following  the  method  of  Halley,  which  depends  on  the  dif¬ 
ference  of  the  observers’  latitudes,  and  reached  as  his  final 
value  ^  =  8".7996.  This  is  practically  8".80,  the  value  al¬ 
ready  adopted  in  the  principal  national  ephemerides. 

By  the  method  of  Delisle,  depending  on  differences  of  longi¬ 
tude,  observations  at  the  ten  stations  south  of  the  equator  and 
twelve  north  of  it,  M.  de  la  Grye  finds  values  of  8".772  and 
8".778,  which,  however,  he  thinks  should  be  given  little 
weight  in  comparison  with  the  value  derived  by  Halley’s 
method.  The  French  value  of  the  solar  parallax  found  from 
the  transit  of  Venus  of  1882  is  therefore  8".80 — ,  which  may 
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be  said  to  confirm,  though  it  does  not  finally  establish,  the 
value  now  in  general  use. 

One  of  the  greatest  of  modern  astronomical  campaigns  has 
been  in  progress  for  some  months  for  the  determination  of 
the  solar  parallax  by  the  observation  of  Eros,  which  came 
within  about  27,000,000  miles  of  the  earth  and  had  a  hori¬ 
zontal  parallax  of  about  28".  By  taking  observations  at  both 
ends  of  the  night  the  parallactic  displacement  could  be  in¬ 
creased  to  about  36"  for  a  station  on  the  parallel  of  Washing¬ 
ton.  This  is  four  times  the  amount  of  the  solar  parallax,  and 
hence  errors  of  observation  are  greatly  diminished  in  the 
final  result.  The  International  Committee,  with  headquar¬ 
ters  in  Paris,  issued  instructions  to  all  the  observatories  par¬ 
ticipating  in  the  Eros  work,  and  some  fifty  observatories  in 
Europe,  Asia,  America,  Australia,  and  Africa  have  been  occu¬ 
pied  with  the  necessary  observations. 

Measures  with  the  micrometer,  heliometer,  and  by  pho¬ 
tography  have  been  made,  and  it  is  hoped  that  the  discussion 
of  the  work,  which  will  probably  occupy  several  years,  will 
materially  improve  our  knowledge  of  the  solar  parallax. 

The  eclipse  of  May  28  was  observed  with  general  success 
throughout  the  world,  and  especially  in  the  United  States. 
The  corona  proved  to  be  unusually  large  and  symmetrical, 
and  was  magnificently  depicted  in  the  photographs  obtained 
by  numerous  parties.  As  yet  the  results  are  in  the  main 
unpublished,  and  no  very  significant  discovery  has  followed 
from  the  eclipse  observations.  Considerable  experience  was 
gained  which  may  be  of  use  in  the  coming  eclipse  in  the 
East  Indies,  which  will  be  observed  by  a  large  party  from 
the  United  States  and  by  others  from  European  observa¬ 
tories. 

In  the  line  of  Stellar  Astronomy  mention  should  be  made 
of  the  discovery  of  several  hundred  new  double  stars  by 
Professors  Hussey  and  Aitken  at  the  Lick  Observatory. 
Professor  Hussey  has  been  occupied  for  several  years  with  a 
general  survey  of  all  of  the  Otto  Struve  stars,  and  while 
doing  this  and  other  work  he  has  discovered  more  than  350 


THE  PROGRESS  OF  ASTRONOMY  IN  1900.  147 

new  pairs— a  very  notable  addition  to  our  knowledge  of  the 
stellar  systems.  Professor  Aitken  has  discovered  more  than 
100  pairs,  many  of  which  are  close  and  important.  The  year 
1900  is  also  distinguished  by  the  publication  of  two  unusu¬ 
ally  important  catalogues  of  double  stars — (1)  A  General 
Catalogue  of  1,270  Stars,  discovered  by  S.  W.  Burnham  be¬ 
tween  1870  and  1900,  and  (2)  A  Reference  Catalogue  of 
Double  Stars  in  the  Southern  Hemisphere,  by  Mr.  R.  T.  A. 
Innes,  of  the  Royal  Observatory,  Cape  of  Good  Hope. 

At  Greenwich  the  spectroscopic  binary  Capella,  which  re¬ 
volves  in  a  period  of  104  days,  has  been  observed  visually 
by  Lewis,  Dyson,  and  others,  and  at  last  a  connection  between 
visual  and  spectroscopic  pairs  appears  to  be  established. 

In  the  course  of  a  general  campaign  on  the  motion  of  stars 
in  the  line  of  sight,  Professor  Campbell  has  investigated  285 
objects,  of  which  34  are  spectroscopic  binaries,  all  but  three 
of  which  were  discovered  at  the  Lick  Observatory  by  Camp¬ 
bell  and  Wright.  The  orbits  of  several  have  been  worked 
out  quite  carefully,  and  in  a  general  way  they  conform  to 
the  law  among  visual  binaries,  in  showing  high  eccentricity, 
which  Professor  Campbell  attributes  to  the  secular  effects  of 
tidal  friction.  He  also  notes  certain  subsidiary  undulations 
superposed  upon  the  principal  orbital  motion,  and  explains 
thereby  rotations  and  tidal  motions  in  the  fluids  which  cover 
the  stars.  He  reaches  the  extraordinary  result  that  one- 
ninth  of  all  of  the  stars  examined  are  spectroscopic  binaries, 
some  of  the  systems  being  triple,  and  two  of  the  components 
being  known  already  visually. 

£  Ursse  Majoris  and  /c  Pegasi  are  two  of  the  well-known 
binary  systems  to  which  new  components  have  been  added. 
It  is  perhaps  not  too  much  to  say  that  Professor  Campbell’s 
researches  open  an  entirely  new  field  in  stellar  astronomy  of 
immense  extent,  which  cannot  be  too  assiduously  cultivated. 
It  promises  within  a  few  years  to  very  greatly  enrich  our 
knowledge  of  the  sidereal  universe,  and  will  perhaps  bring 
to  light  causes  too  delicate  ever  to  be  detected  except  by  the 
spectroscopic  method. 

21— Bull.  Phil.  Soe.,  Wash.,  Vol.  14. 
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It  is  significant  that  what  progress  has  been  made  recently 
in  explaining  the  variability  of  stars  is  chiefly  by  the  theory 
of  tides ;  and  some  new  support  is  given  this  theory  by 
Campbell’s  discovery  of  dark  companions  to  several  well- 
known  variables. 

In  the  line  of  planetary  observations  mention  may  be 
made  of  a  series  of  new  determinations  of  diameters  of  the 
principal  planets  undertaken  by  Professor  T.  J.  J.  See,  of  the 
United  States  Naval  Observatory.  By  the  use  of  a  color 
screen  the  outstanding  color  of  the  telescope  is  removed  and 
the  image  steadied  and  sharpened  at  the  limb. 

Observations  have  offered  a  fair  test  of  the  screen  in  the 
case  of  Neptune,  Uranus,  Jupiter,  Saturn,  Venus,  and  Mer¬ 
cury,  but  the  final  values  have  not  yet  been  obtained  ex¬ 
cept  in  the  case  of  Jupiter,  Saturn,  and  Venus.  It  is  thought 
that  this  work,  when  completed,  will  afford  a  good  set  of 
diameters  of  the  planets,  all  made  by  the  same  observer, 
under  like  conditions.  Professor  See  contemplates  deter¬ 
mining  the  oblateness  of  all  the  planets,  and  also  their  con¬ 
stants  of  irradiation,  so  that  their  figures,  absolute  diameters, 
and  densities  may  be  deduced. 

Mention  may  be  made,  in  this  connection,  of  progress  look¬ 
ing  to  the  installation  of  a  new  clock  system  at  the  Naval 
Observatory.  The  effects  of  varying  atmospheric  pressure 
are  to  be  avoided  by  inclosing  the  clock  in  a  hermetically 
sealed  case,  kept  in  a  vault  at  constant  temperature — an 
arrangement  which  has  been  in  use  a  good  many  years  in 
several  of  the  great  European  observatories.  If  successful, 
this  will  afford  a  new  basis  for  fundamental  work  on  the 
principal  fixed  stars,  and  materially  elevate  the  standard  of 
American  astronomy. 

Professors  Brown  and  Updegraff  have  together  initiated 
this  much-needed  improvement,  and  good  results  may  be 
expected  to  follow  from  it  in  due  time.  Professor  Pees,  of 
Columbia  university,  has  finished  his  determination  of  the 
constant  of  aberration,  from  latitude  observations  extending 
over  six  years,  and  reaches  as  his  final  figure  20".464. 
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This  is  considerably  smaller  than  the  recent  determina¬ 
tions  by  Doolittle  and  A.  Hall,  Jr.,  which  gave  about  20".55. 
The  larger  value  is  undoubtedly  indicated  by  recent  investi¬ 
gations,  but  it  is  not  yet  possible  to  fix  the  figure  with  confi¬ 
dence.  Some  defect  still  inheres  in  the  theory  of  aberration 
or  in  the  method  of  its  determination,  and  nothing  but  long 
continued  and  persistent  effort  will  solve  the  mystery. 
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[Read  before  the  Society  March  2,  1901.] 


In  this  report  on  astronomical  photometry  only  a  few  of 
the  most  remarkable  points  of  progress  will  be  mentioned, 
viz :  photometric  catalogues,  publications  of  original  obser¬ 
vations  of  variable  stars,  explanations  of  physical  causes  of 
light  variations,  and  charts  for  variable  stars. 

1.  Photometric  catalogues. — The  third  volume  of  the  Pots¬ 
dam  Durchmusterung  (PD.)  has  been  delayed  and  may  not 
appear  in  print  for  another  year.  A  very  important  work  is 
the  forty-fifth  volume  of  the  Annals  of  Harvard  College  Ob¬ 
servatory,  now  ready  for  distribution,  in  which  the  magni- 

m 

tudes  of  all  the  stars  as  bright  as  7.5  or  brighter  from  the 
north  pole  to-— 40°  declination  are  given.  This  volume 
comprises  all  the  observations  of  the  “  Harvard  Photometry  ” 
and  supersedes  the  earlier  volumes  on  this  subject,  notably 
volume  14,  which  has  been  so  useful  for  the  last  twenty 
years. 

For  the  fainter  stars  standard  magnitudes  are  now  being 
measured  with  the  large  telescopes  of  the  country  (of  the 
Lick,  Yerkes,  Harvard,  and  Princeton  Observatories).  Stars 
have  been  selected  for  this  purpose  in  various  parts  of  the 
sky,  the  faintest  of  which  are  of  magnitude  14  or  15.  The 
results  will  form  part  II  of  volume  37  of  the  same  Annals. 

Photometry  comprises  color  as  well  as  brightness.  In  this 
respect  we  have  in  addition  to  the  Potsdam  Durchmusterung 
the  very  important  catalogue  of  the  colors  of  1,009  stars  by 
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Osthoff  (Astron.  Nachr.  Bd.  153,  1900).  His  catalogue  differs 
from  the  former  principally  in  denoting  colors  by  figures, 
from  0  to  10,  instead  of  letters.  He  uses,  as  did  Krueger 
and  Safarik,  the  historical  scale  of  Schmidt. 

The  importance  of  color  corrections  in  comparing  photo¬ 
metric  measures  was  discussed  by  Pannekoek  at  the  Diissel-  * 
dorf  meeting  of  the  “  V ereinigung  von  Freunden  der  Astron- 
omie,  etc.”  (Mitteilungen  X  Jahrg.,  1900).  He  starts  from 
the  Young-Helmholz  theory  of  the  three  fundamental  sen¬ 
sations,  Red,  Green,  Blue  (R,  G,  B),  and  expresses  the 
brightness  of  stars  in  the  PD.  by  the  formula : 

Brightness  =  0.57  R  -f  0.32  G  —  0.07  B. 

Another  example  he  gives  in  reducing  Plassmann’s  scale 
of  steps  of  the  comparison  stars  of  Algol  to  the  PD.  scale  by 
the  two  formulas : 

(I.)  Mag.  =  4.08  —  0.081  Steps  ,  without 

color  correction ; 

(II.)  Mag.  =  4.08  — 0.081  Steps  —  0.08  (C — 3.3),  with  color 
correction, 

where  0.081  and  0.8  are  the  assumed  values  of  one  step  in 
brightness  and  color  respectively,  and  C  denotes  the  color  of 
the  star  in  Osthoff ’s  catalogue.  The  first  formula  leaves  a 
mean  difference  from  the  PD.  =  ±0.10  mag.,  the  second  a 
difference  of  only  0.04  mag.  Since  these  will  be  the  very 
stars  needed  for  determining  the  brightness  of  the  new  star 
that  appeared  last  week  in  Perseus,  we  give  the  complete 
table  : 


Star. 

PD. 

Osthoff. 

Plass. 

I. 

A 

II. 

A 

M. 

C. 

St. 

M. 

M. 

v  Persei . 

4.02 

3.8 

0.0 

4.08 

—0.06 

4.04 

—0.02 

a  Trianguli . 

3.65 

4.1 

5.0 

3.68 

—0.03 

3.62 

+0.03 

8  Persei . 

3.33 

2.3 

10.0 

'  3.27 

+0.06 

3.35 

—0.02 

c  Persei . 

3.16 

2.0 

13.2 

3.01 

+0.15 

3.11 

+0.05 

y  Andromedse.... 

2.39 

5.6 

18.7 

2.57 

—0.18 

2.39 

0.00 

0  Persei . 

2.50 

1.8 

21.1 

2.37 

+0.13 

2.49 

+0.01 

a  Persei . 

2.18 

3.5 

22.7 

2.24 

—0.06 

±0.10 

2.22 

—0.04 

±0.04 
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2.  Original  Observations  of  Variable  Stars  had  been  pub¬ 
lished  by  Argelander,  Schonfeld,  Oudemans,  Plassmann,  and 
others.  Recently  we  have  received  two  valuable  English 
publications,  one  by  C.  E.  Peek,  under  the  title  “Variable 
Star  Notes,  Rousden  Observatory,  Nos.  1-6,”  and  the  other  by 
Professor  Turner,  giving  the  observations  of  the  late  G.  Knott.* 
Peek’s  observations  commence  in  1887  and  are  being  con¬ 
tinued.  Those  of  Knott  extend  over  a  space  of  34  years  and 
comprise  23  variable  stars.  Both  catalogues  give  the  esti¬ 
mates  in  magnitudes  instead  of  steps,  the  former  only  the  re¬ 
duced  results,  the  latter  the  original  estimates.  Peek  gives 
diagrams  for  the  resulting  light  curves,  while  Knott’s  own 
working  charts  form  a  welcome  addition  to  his  volume. 

Yet  more  recently  two  publications  of  the  Harvard  Col¬ 
lege  Observatory  made  their  appearance.  In  one  volume 
there  are  reductions  of  older  observations  (of  Argelander^ 
Schonfeld,  Winnecke,  etc.)  to  the  Harvard  photometric  scale, 
with  many  tables  for  discussion. 

Volume  37,  part  I,  contains  the  original  observations  of  17 
long  period  circumpolar  variables,  extending  over  the  last 
ten  years.  The  observations  comprise  the  minima  as  well 
as  the  maxima,  and  are  made  by  Argelander’s  method  of 
steps,  but  reduced  to  magnitudes  from  the  start,  so  that  all 
computations  are  made  with  absolute  magnitudes.  The 
volume  gives  13  tables  for  discussion  and  14  plotted  light 
curves. 

Another  important  publication  is  the  bibliography  of  vari¬ 
able  stars  by  Mr.  W.  M.  Reed,  which  will  form  a  later 
volume  of  the  same  Annals,  and  of  which  we  have  a  few 
extracts  in  the  volume  before  mentioned. 

Finally,  we  are  glad  to  learn  that  a  new  Catalogue  of 
Variable  Stars  is  now  being  prepared  by  the  “Astronomische 
Gesellscliaft.”  We  may  remember  that  there  were  two  such 
catalogues  by  Schonfeld,  and  three  by  Chandler,  all  behind 
time.  We  have  now  the  guarantee  that  the  catalogue  will 
be  kept  up  to  date  by  new  editions. 


*Mem.  R.  A.  Soc.,  vol.  52,  1899. 
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3.  The  physical  explanation  of  these  light  variations  is  still 
in  its  infancy.  That  these  light  variations  are  due,  not  to 
chemical  action,  but  to  mechanical  motion,  has  always  been 
considered  probable,  especially  in  the  stars  of  the  Algol  type, 
whose  light  variations  are  not  real  but  apparent  and  are 
due  to  stellar  eclipses.  In  regard  to  the  real  variables,  we 
had  the  hypothesis  of  Klinkerfuss,  that  the  variations  of 
brightness  are  due  to  tidal  fluctuations,  caused  by  the  ap¬ 
proach  of  satellites.*  But  it  was  only  quite  lately  that  vari¬ 
able  stars  have  been  proved  to  be  subject  to  periodic  motions 
in  space,  and  that  their  light  curves  and  velocity  curves  are 
synchronous.  This  has  been  proved  by  the  spectroscopic 
observation  of  their  velocities  in  the  case  of  the  following 
three  stars  : 

<5  Cephei,  period  of  light  and  velocity  =  5d.3,  variation  in 
brightness  :  3.7 — 4.9,  excentricity  0.46. 

f]  Aquilse,  period  of  light  and  velocity  =  7.18,  variation  in 
brightness :  3.5  —  4.7,  excentricity  0.47. 

C  Geminorum,  period  of  light  and  velocity  =  10.15,  varia¬ 
tion  in  brightness  :  3.7 — 4.5,  excentricity  0.22. 

The  latter  star  is  discussed  by  Campbell  in  the  Astrophy- 
sical  Journal,  vol.  13,  p.  90.  If  the  periodicity  in  the  shift¬ 
ing  of  the  spectral  lines  is  due  to  orbital  motion,  then  the  star 
has  only  one  minimum  and  one  maximum  of  brightness  in 
each  revolution,  and  the  minimum  brightness  occurs  soon 
after  the  maximum  velocity.  The  other  two  variables,  on 
the  contrary,  reach  their  maximum  brightness  shortly  after 
their  maximum  velocity.  From  the  changes  in  velocity  the 
excentricities  of  the  orbits  have  been  computed,  as  noted 
above,  and  several  hypotheses  have  been  advanced  as  to 
how  these  elliptical  motions  could  affect  the  photospheres 

*  A  particular  hypothesis  was  mentioned  in  last  year’s  report  on  Re¬ 
cent  Progress  in  Astrophysics,  which  applies  to  variations  of  about  one 
magnitude  (see  Bulletin,  vol.  XIV,  pp.  1-20).  I  take  this  opportunity  to 
correct  an  inaccuracy  on  page  12,  line  11  from  above,  where  instead  of 
“  multiplied  by  ”  it  should  read  “  applied  to.” 
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of  the  revolving  bodies.  It  seems  to  be  too  soon,  however, 
to  say  anything  definite  on  these  causes. 

4.  Charts  for  variable  stars  have  been  recognized  as  a 
necessity  ever  since  the  appeal  of  Argelander  to  amateur 
astronomers  to  cooperate  in  this  new  field.  The  Bonn 
Durchmusterung  is  not  in  everybody’s  hand.  Therefore 
the  societies  which  have  been  formed  in  England  and  in 
Germany  for  amateurs  have  tried  to  circulate  cheap  repro¬ 
ductions  of  certain  parts  of  these  charts  which  contain  vari¬ 
able  stars.  In  England  Colonel  Mark  wick  is  in  charge  of 
this  branch,  and  Plassmann  in  Germany.  From  the  latter 
we  have  here  a  copy  of  the  circulated  charts  (slide). 

In  America  Professor  Pickering  has  long  ago  distributed 
a  sheet,  with  16  small  charts,  for  circumpolar  variables  in 
the  natural  size  from  the  BD.  Recently  he  offered  single 
sheets,  with  one  variable  each,  3°  square,  and  enlarged  three 
times,  of  which  the  following  is  a  copy  (slide). 

The  most  interesting  point  I  have  to  mention  is  a  dis¬ 
covery  of  some  engraved  charts  made  by  Pogson.  Two 
years  ago  I  was  able  to  publish  in  the  Monthly  Notices  (vol. 
59,  1898)  a  “  Note  on  Pogson’s  manuscripts  relating  to  his 
proposed  atlas  of  variable  stars.”  These  MSS.  are  preserved 
at  the  Harvard  College  observatory,  and  contain  134  cata¬ 
logues  and  18  charts,  for  as  many  variables.  Pogson  had 
worked  over  thirty  years  at  this  atlas  in  England  and  in 
Madras,  but  nothing  was  ever  heard  of  printed  charts,  until 
quite  recently  six  engravings  of  these  charts  were  sent  to 
me.  Four  of  these  charts  belong  to  variables  which  are 
comprised  in  the  atlas  lately  issued  from  the  Georgetown 
College  observator}L  It  will  be  seen  that  Pogson’s  area  for 
inserting  the  faintest  stars,  which  he  calls  of  the  twelfth  or 
thirteenth  magnitude,  is  seven  times  as  great  as  that  on  our 
own  charts.  These  four  charts  and  the  corresponding  four 
of  the  Georgetown  atlas  were  shown  on  the  screen. 


22— Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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Introduction. — It  is  not  intended  to  attempt  a  review  of  the 
progress  made  in  the  whole  field  of  pure  mathematics  during 
the  past  year,  but  I  shall  mainly  confine  myself  to  an  ac¬ 
count  of  one  important  research  completed  within  that  period 
by  Painleve,  of  Paris,  and  forming  a  fitting  conclusion  to  the 
work  of  the  past  twenty  years.  The  first  half  of  the  paper 
is  a  historical  introduction  to  Painleve’s  work,  while  two 
new  publications  are  reviewed  in  the  latter  part  and  some 
general  remarks  made  in  conclusion. 

EQUATIONS  OF  THE  FIRST  ORDER. 

Briot  and  Bouquet. — The  problems  presented  by  the  ordi¬ 
nary  differential  equations  are  not  equaled,  either  in  extent 
or  difficulty,  by  those  in  any  other  branch  of  mathematics. 
Soon  after  the  successful  application  of  Cauchy’s  methods  to 
the  theory  of  algebraic  integrals  attempts  were  made  to  deal 
similarly  with  the  ordinary  differential  equations.  The  first 
attempt  was  made  by  Briot  and  Bouquet,  of  Paris,  in  their 
classic  memoirs  of  1856.*  Their  researches  were  restricted 
to  differential  equations  of  the  first  order  with  rational  co¬ 
efficients  represented  by  the  general  form 

f(xyy')  =  0.  (A) 

*  Journ.  de  1’Ecole  Polytechnique,  t.  XXI  (1856),  pp.  134-198,  199- 
254. 
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Cauchy’s  theorem,  which  establishes  the  existence  of  in¬ 
tegrals  of  differential  equations  within  circular  domains 
excluding  all  singular  points,  applies  to  these  equations. 
Briot  and  Bouquet  simplified  and  extended  Cauchy’s  demon¬ 
strations  and  set  themselves  the  task  of  determining  the  form 
of  the  expansions  representing  the  integrals  of  the  equations 
in  the  neighborhood  of  the  excluded  singular  points.  These 
expansions  were  determined  in  the  most  important  cases,  but 
they  yielded  little  information  as  to  the  nature  of  the  func¬ 
tions  defined  in  general  by  these  equations. 

To  obtain  more  definite  properties  inverse  methods  were 
resorted  to  and  applied  to  more  special  equations  of  the 
form 

f(yy')  =  Q,  (B) 

with  rational  coefficients  free  from  x.  They  first  determined 
the  necessary  and  sufficient  conditions  which  must  be  ful¬ 
filled  in  order  that  the  equations  of  form  (B)  should  possess 
only  uniform  integrals.  Next  they  found  the  reduced  equa¬ 
tions,  and  lastly  they  showed  that  all  these  equations  could 
be  integrated  by  means  of  functions  already  long  known. 
Then  they  solved  this  problem,  viz.,  to  determine  all  equa¬ 
tions  of  form  (B)  whose  integrals  are  limited  to  assuming  a 
finite  number  n  of  values  at  every  point  in  the  plane ;  but 
again  the  results  obtained  agreed  with  the  previous  ones  in 
that  no  new  functions  were  needed  to  complete  the  integra¬ 
tion.  Thus  their  industry  and  genius  yielded  little  but  the 
negative  results  that  a  solution  did  not  lie  in  those  direc¬ 
tions. 

Movable  Singular  Points. — For  some  time  after  the  publi¬ 
cation  of  Briot  and  Bouquet’s  memoirs  no  material  progress 
was  made,  from  the  function  theory  point  of  view,  in  the 
solution  of  the  ordinary  differential  equations.  During  the 
interval,  however,  the  nature  of  functions  in  general  was 
extensively  investigated  and  one  important  fact  discovered. 
This  was  that  the  principal  obstacle  which  stood  in  the  way 
of  the  direct  application  of  the  principles  of  the  function 
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theory,  as  then  developed,  to  the  ordinary  non-linear  equa¬ 
tions  was  the  fact  that  all  of  the  singular  points  of  the  inte¬ 
grals  of  these  equations  are  not  revealed  by  the  form  of  the 
equations  themselves,  but  that  other  singularities  are  intro¬ 
duced  during  the  process  of  integration  by  means  of  the 
constants  of  integration.  These  newly  discovered  singular 
points  were  named  'parametric  or  movable  to  distinguish  them 
from  the  fixed  singularities  determined  directly  from  the 
coefficients  of  the  equation. 

Fuchs  'and  Poincare. — Strengthened  with  this  new  knowl¬ 
edge,  Fuchs,  of  Berlin,  attempted  to  determine  all  the  equa¬ 
tions  of  form  (A)  whose  integrals  would  possess  no  movable 
points  but  poles.  His  results,  published  in  1884,*  were  not 
conclusive,  but  were  completed  by  Poincare,  of  Paris,  in 
1885, f  in  a  short  and  very  remarkable  paper.  Poincare 
obtained  his  results  by  an  application  of  the  analysis  of 
birational  transformations  borrowed  from  the  theory  of 
curves.  But,  even  the  great  generality  of  the  problem  solved 
by  Fuchs  and  Poincare  revealed  no  new  functions,  as  in 
every  case  they  found  that  the  equations,  satisfying  the  im¬ 
posed  conditions,  degenerated  into  types  integrable  by  ordi¬ 
nary  algebraic  methods,  by  simple  quadratures,  or  they  can 
be  transformed  into  an  equation  of  Riccati.  It  will  be  seen 
that  the  above  results  establish  a  lower  limit  for  the  func¬ 
tions  defined  by  equations  of  the  first  order. 

Painleve. — The  next  step  in  advance  was  made  by  Pain¬ 
leve,  who  in  1887  J  established  an  upper  limit  by  proving 
that  all  movable  points  of  equations  of  form  (A)  must 
be  either  poles  or  algebraic  critical  points.  This  theo¬ 
rem  excludes  points  essentially  singular  from  the  class  of 
movable  singular  points  in  equations  of  the  first  order. 

*  “  Ueber  Differentialgleichungen  deren  Integrate  feste  Verzweigungs- 
punkte  besitzen.”  Berlin  Sitzungsberichte  (1884),  pp.  699-710. 

f  “  Sur  nn  tlteoreme  de  M.  Fuchs,”  Acta  Mathematica  t.  YII  (1885), 
pp.  1-32. 

t  Sur  les  lignes  singulieres  des  fonctions  analytiques,  Ann.  de  Faculte 
de  Toulouse  (1888). 
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Painleve  persevered  and  undertook  to  determine  all  equa¬ 
tions  of  form  (A)  whose  integrals  take  only  a  finite  number, 
n,  of  values  around  the  movable  singular  points  and  have 
no  lines  of  essentially  singular  points  in  other  parts  of  the 
plane.  By  a  laborious  and  extensive  analysis,  based  on  the 
theory  of  birational  transformations,  he  solved  the  problem 
and  presented  his  results  in  a  voluminous  memoir,  crowned 
by  the  French  Academy,  and  published  in  1891-1892.*  By 
the  solution  of  this  problem  the  lower  limit  is  raised  and  the 
gap  between  it  and  the  upper  limit  partially  closed.  Unfor¬ 
tunately,  however,  no  new  functions  were  added  to  those 
already  known.  The  resulting  equations  can  be  integrated 
by  rational  functions,  by  quadratures,  or  they  degenerate 
into  linear  differential  equations.  Thus  stands  the  problem 
today. 

EQUATIONS  OF  THE  SECOND  ORDER. 

Since  the  appearance  of  the  memoirs  of  Fuchs  and  Poin¬ 
care  several  attempts  have  been  made  to  solve  Fuchs’s  prob¬ 
lem  for  equations  of  the  second  order  of  the  form 

f(xyy'y")  =  0,  (C) 

with  rational  coefficients. 

Picard. — Picard  tried  to  use  Poincare’s  analysis  for  the  pur¬ 
pose,  but  found  that  it  would  not,  in  general,  apply,  because 
the  resulting  transformations  were  no  longer  birational,  but 
bi uniform.  However,  he  worked  out  a  special  case,  in  which 
the  transformations  were  limited  to  being  birational.  No  new 
functions  resulted.  His  work,  together  with  much  more  per¬ 
taining  to  functions  of  two  variables,  was  embodied  in  his 
crowned  memoir,  which  appeared  in  1889.f  Subsequently  % 

*  “  Memoire  sur  les  equations  differentielles  due  premier  order”  par 
Paul  Painleve,  Annales  de  l’Ec.  Norm.  1891-1892. 

f  Memoire  sur  les  fonctions  algibriques  de  deux  variable  Louville’s 
Journal  (1889),  pp.  135-319. 

t  Remarks  sur  les  equations  differentielles ;  extract  d’une  letter  adres- 
sesse  a’  M.  Mittag-Leffler,  Acta  Mathematica  (1893). 
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he  expressed  the  opinion  that  it  was  unlikely  that  any  new 
functions  would  result  from  the  ultimate  solution  of  the 
problem. 

Painleve. — In  view  of  what  had  been  accomplished,  the 
mathematical  world  was  hardly  prepared  for  the  announce¬ 
ment  by  Painleve,  first  made  in  a  series  of  short  notes  in  the 
Comptes  Rendus  during  1899  and  1900,  that  he  had  com¬ 
pletely  solved  Fuchs’s  problem  for  equations  of  the  second 
order,  and  had  found  three  new  uniform  functions;  also 
that  part  of  his  method  was  simple  and  applied  to  equations 
of  all  orders,  and  enabled  Fuchs’s  problem  to  be  greatly 
simplified  if  not  ultimately  solved  in  all  cases. 

A  brief  synopsis  of  Painleve’s  principal  results  has  subse¬ 
quently  appeared  in  a  short  memoir  by  him,  inserted  in  the 
Bulletin  de  la  Societe  Mathematique  de  France,*  which  fully 
confirms  his  previous  announcements. 

Painleve’s  method  consists  in  forming  a  series  of  new  neces¬ 
sary  conditions  which  must  be  satisfied,  if  the  equation  has 
only  fixed  critical  points  (branch  points),  and  then  proving 
their  sufficiency.  In  deducing  the  necessary  conditions  a 
system 

^&=H  (*2/*) 


dz 

dx 


=  K(xyz ) 


is  taken  in  which  H  and  K  depend  analytically  on  a  para- 
mater  «  and  are  suppposed  holomorphic  for  «  =  0.  If  the 
general  integral  of  the  system  (D)  is  uniform  for  all  values 
of  «,  excepting  a  =  0,  it  is  still  uniform  for  a  =  0  and  the 
serial  developments  of  y  ( x )  and  z  (y)  in  powers  of  a  must 
have  coefficients  which  are  uniform  functions  of  x.  By 
making  H  and  K  depend  on  an  arbitrary  paramater  and 
applying  the  above  proposition,  which  is  easily  proved,  the 


*  Memoire  sur  les  equations  differentielles  dont  1’integrals  generale  est 
uni  forme ;  par  M.  Painleve,  t.  XXVIII,  pp.  201-261. 
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set  of  necessary  conditions  is  obtained.  This  procedure  can 
be  repeated  until  no  more  new  conditions  result.  It  is  ob¬ 
vious  that  this  method  can  be  applied  to  equations  of  all 
orders  to  deduce  necessary  conditions.  The  proof  of  the 
sufficiency  of  the  resulting  conditions  has  only  been  com¬ 
pletely  accomplished  for  the  order  two. 

As  a  result  of  the  above  process  applied  to  equations  of 
the  second  order  of  the  form 

y"  =  R  (xyyf))  (E) 

where  R  is  rational  in  y',  algebraic  in  y ,  and  analytic  in  x> 
Painleve  obtains  the  three  following  equations  defining  new 
uniform  functions: 

(1)  y"  —  6  T/2  -f  x, 

(2)  y"  =  2  y*  xy  8 , 

(F) 

(3)  y"  =  yll  +  ^-«y,-^  +  m  +  *• 

X  X  X 


The  first  two  are  in  their  cononical  form.  The  last  was  not 
given  by  Painleve  in  his  memoir,  but  was  extracted  from  one 
of  the  notes  in  the  Comptes  Rendus,  and  may  be  capable  of 
a  simpler  form.  The  integrals  of  (1)  and  (2)  are  meromor- 
phic,  and  can  be  represented  by  the  quotient  of  two  entire 
functions  which  are  essentially  new.  These  entire  functions 
satisfy  equations  of  the  third  order.  The  integral  of  (1)  is 
represented  in  the  whole  plane  by  the  series  : 


y 


^  (*  —  x.Y  —  -g-  O  -  *„)!  + 


h  (x  —  xoy  +  (x  —  *„)8  + 


for  x  =  xof  y  —  y0,  y'  —  y0 and  h  is  an  arbitrary  constant. 
Painleve  announces  that  he  has  undertaken  the  develop- 
*  ment  of  the  properties  of  his  three  new  functions,  and  prom- 
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ises  a  series  of  memoirs  containing  the  complete  analysis, 
together  with  applications  to  mechanics,  notably  to  the 
problem  of  Madam  Kowalevski.  The  first  of  these  mem¬ 
oirs  is  soon  to  appear  in  the  Acta  Mathematica. 

It  is  now  obvious  that  Painl eve’s  work  is  a  long  step  in 
advance  of  previous  results.  He  affirms  that  equations  (F) 
constitute  the  first  known  examples  of  equations  whose  in¬ 
tegrals  have  been  found  by  the  aid  of  the  principles  of  the 
theory  of  functions,  which  equations  are  not  reducible  to 
any  combination  of  linear  equations,  quadratures,  or  even 
equations  of  the  first  order. 

Encyklopadia  dev  Mathematischen  Wissenschaften. — Fore¬ 
most  among  the  new  mathematical  publications  of  the  year 
worthy  of  special  notice  is  the  great  Encyklopadia  der  Mathe¬ 
matischen  Wissenschaften.  This  work  is  planned  to  exhibit 
a  synopsis  of  the  whole  field  of  pure  and  applied  mathe¬ 
matics,  is  to  be  comprised  in  six  volumes,  and  is  to  conclude 
with  a  seventh  containing  philosophical  and  historical  essays 
on  mathematical  and  related  theories.  Two  volumes  have 
been  issued,  the  subjects  and  authors  for  three  more  have 
been  announced,  and  of  the  remaining  two  volumes  only 
the  general  plan  has  been  published.  The  two  volumes 
which  have  been  issued,  cover  the  field  of  pure  analysis, 
and  appear  to  be  all  that  German  scholarship  and  genius 
can  make  them.  What  more  need  be  said?  True,  there 
are  many  contributors  outside  of  Germany;  yet  the  whole 
work  was  conceived,  planned,  edited,  and  published  by  Ger¬ 
mans  or  by  those  who  drew  their  inspiration  directly  from 
German  sources.  A  French  translation  of  this  great  work 
is  already  announced,  and  two  volumes  are  promised  within 
a  year.  An  English  translation  by  the  British  mathemati¬ 
cians  is  understood  to  be  in  contemplation. 

Forsyth’s  Differential  Equations. — Since  the  publication  of 
Dr.  Salmon’s  unrivaled  treatises  on  contemporaneous  mathe¬ 
matics,  Professor  Forsyth,  of  Cambridge,  England,  has  sur¬ 
passed  all  others  in  making  the  latest  developments  accessi¬ 
ble  to  English-speaking  mathematicians.  The  appearance 

23— Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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therefore  during  the  past  year  of  two  more  volumes*  of  his 
estimable  series  of  treatises  on  modern  analysis  is  noted  with 
special  pleasure.  These  volumes  deal  with  the  theory  of  the 
ordinary  non-linear  differential  equations. 

The  second  volume  is  devoted  almost  exclusively  to  the 
equation  of  the  first  order,  and  includes  a  very  full  and  satis¬ 
factory  account  of  Briot  and  Bouquet’s  researches,  before 
mentioned,  together  with  many  amplifications  due  to  others. 
A  good  representation  of  Painleve’s  theorem  relative  to  the 
movable  singular  points  and  the  methods  of  Fuchs  and 
Poincare  is  given.  The  beauty  and  symmetry  of  Poincare’s 
analysis  is  somewhat  marred  by  transforming  it  to  render  it 
more  elementary  in  form.  Painleve’s  crowned  memoir  is 
dismissed  as  being  beyond  the  scope  of  the  treatise. 

The  third  volume  is  devoted  to  equations  of  the  second 
and  higher  orders,  and  contains  chapters  on  the  expansion 
of  the  integrals  of  an  equation  of  the  second  order  in  the 
neighborhood  of  its  fixed  singular  points,  following  Horn, 
Konigsberger,  and  others.  The  subject  of  singular  solutions 
is  treated  quite  fully,  after  the  methods  of  Darboux,  Goursat, 
and  Dixon.  Picard’s  crowned  memoir  is  merely  touched 
upon,  but  everything  relating  to  birational  transformations 
is  ignored,  the  author  making  use  only  of  an  inconclusive 
investigation  on  integrals  with  “  apparence  uniform ,”  termed 
subuniform  by  Forsyth,  to  which  he  devotes  a  chapter. 
The  volume  ends  with  a  long  chapter  on  Bruns’s  f  theorem 
respecting  algebraic  integrals  in  the  problem  of  n  bodies. 
The  demonstration  of  this  theorem  placed  the  problem  of 
the  algebraic  solution  of  the  problem  of  three  bodies  in  the 
same  category  as  the  quadrature  of  the  circle,  the  algebraic 
solution  of  the  equation  of  the  fifth  degree,  etc.  The  analysis 
used  in  the  original  demonstration  is  long,  loose,  and  com- 


*  Theory  of  Differential  Equations,  part  II,  vols.  II  and  III ;  ordinary 
equations  non-linear.  By  Andrew  Russell  Forsyth.  Cambridge  Uni¬ 
versity  Press,  1900. 

f“Ueber  die  Integrale  des  Vielkdrperproblems,”  Acta  Math.  t.  XI 
(1887). 
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plicated.  The  author  deserves  our  gratitude  for  the  effort 
he  has  made  to  lighten  the  labors  of  the  reader. 

Painleve’s  latest  work  was,  of  course,  not  accessible  to  Pro¬ 
fessor  Forsyth.  Many  examples  are  scattered  through  the 
text,  a  welcome  feature  always  present  in  English  books, 
quite  a  number  of  which  are  worked  out  in  great  detail,  but 
often  with  the  aid  of  theorems  borrowed  from  the  theory  of 
the  linear  equations  and  iefc  undemonstrated.  Since  the 
author  announces  his  intention  to  publish  a  fourth  vglume 
on  linear  equations,  one  cannot  help  asking  why  the  order 
was  not  reversed. 

On  the  whole,  the  reviewer  desires  to  congratulate  Pro¬ 
fessor  Forsyth  on  his  treatise  on  a  subject  which  is  in  such 
an  unsatisfactory  shape  for  such  a  work,  and  to  suggest  that 
when  Painleve’s  promised  memoirs  appear  much  more  de¬ 
finitive  matter  will  be  available  for  a  second  edition,  part  of 
which  might  well  take  the  place  of  the  chapter  on  sub- 
uniform  integrals. 

Conclusion. — Let  me  conclude  with  a  simile.  The  ordi¬ 
nary  non-linear  equations  may  be  likened  to  a  lump  of 
rebellious  ore  unresolved  into  its  elements  and  resisting  all 
known  processes.  To  be  sure,  the  conglomerate  mass  may 
be  studied  directly,  but  the  results  obtained  are  affected  by 
all  the  elements  and  compounds  present,  and  are  of  little 
value.  Consequently  every  newly  discovered  reagent  is  at 
once  tried  upon  it  with  the  hope  and  breathless  expectation 
of  isolating  some  new  element.  Briot  and  Bouquet  tried 
one  reagent  on  a  fragment  of  the  lump,  and,  although  it 
appeared  to  bite  into  its  very  heart,  a  careful  analysis  of  the 
resulting  liquid  revealed  only  elements  long  known.  Fuchs, 
Poincare,  Picard,  and  Painleve  in  turn  used  new  reagents  of 
ever  increasing  resolvent  power,  but  each  time  only  old  ele¬ 
ments  resulted.  Finally  that  giant  of  analysists,  Painleve, 
compounded  yet  a  new  reagent,  and  with  the  audacity  of 
youth  poured  it  on  the  whole  lump.  The  effect  was  instanta¬ 
neous.  The  entire  mass  seemed  to  melt  under  its  scorching 
fumes.  An  analysis  of  only  a  part  of  the  resulting  solution 
disclosed,  not  one,  but  three  new  elements,  whose  properties 
he  has  undertaken  to  discover. 
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MENTAL  ELECTRICITY. 

BY 

Reginald  Fessenden. 


[Read  before  the  Society  October  12,  1901.] 


GENERATION  OF  ELECTRICITY. 

Improvements  in  the  efficiency  of  generators  have  been 
for  some  years  a  matter  of  little  moment  to  the  electrical  de¬ 
signer.  The  electrical  generator  is  the  most  efficient  mech¬ 
anism  in  the  world.  The  loss  of  energy  in  it  is  only  2  or  3 
per  cent,  and  if  there  were  any  especial  object  in  doing  away 
with  this  slight  loss  it  could  easily  be  reduced  to  a  fraction 
of  1  per  cent.  Inventors  during  the  past  year  have,  there¬ 
fore,  concerned  themselves  with  perfection  of  mechanical 
detail  and  in  cheapening  and  standardizing  construction. 
The  ever  increasing  use  of  large  generators  has  presented 
some  pretty  mechanical  problems  in  the  building  up  and 
ventilation  of  the  armatures  and  commutators,  which  have 
been  dealt  with  in  a  very  thorough  manner. 

The  importance  of  wave  form  is  now  generally  recognized, 
and  practically  all  new  stations  use  generators  giving  a  pure 
sine  wave. 

In  electrical  construction  three  difficulties  have  become 
more  prominent : 

First.  Owing  to  the  large  units  employed,  short  circuits  or 
rushes  of  current  due  to  dissynchronizing  have  become  very 
serious,  as,  unless  guarded  against,  sudden  localizations  of 
energy,  measured  in  tens  of  thousands  of  horse-power,  may 
easily  occur.  This  has  been  met  by  designing  the  generators 


24— Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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so  that  abnormally  large  rushes  of  current  react  on  the  fields, 
and  so  reduce  the  power  to  a  maximum  of  not  more  than 
about  twice  the  amount  normally  given  out  by  the  machine. 

Second.  Since  the  permissible  peripheral  speed  as  limited 
by  mechanical  conditions  is  about  the  same  for  large  and 
small  machines — i.  e.y  about  one  and  one-half  miles  per 
minute — with  large  generators  we  have  a  small  number  of 
revolutions  per  minute,  and  hence,  to  get  the  necessary  fre¬ 
quency  of  alternations,  a  large  number  of  poles.  Since  with 
180  poles  an  angular  displacement  of  two  degrees  would  en¬ 
tirely  reverse  the  phase  of  alternators  working  parallel  with 
one  another,  it  follows  that  the  permissible  variation  in  an¬ 
gular  displacement  is  very  small,  being  measured  by  hun¬ 
dredths  of  1  per  cent.  This  necessary  constancy  of  angular 
velocity  has  been  secured  by  the  use  of  heavy  masses  for  fly¬ 
wheels,  in  most  cases  the  generator  field  or  armature  being 
so  built  as  to  have  high  angular  momentum. 

Third.  The  use  of  rotary  transformers  for  distribution 
work  in  recent  stations  and  the  great  variations  in  load 
thrown  on  them  give  rise  to  complex  reactions  tending  to 
distort  the  fields  of  the  generators,  tending  to  shift  the  phase 
and  change  the  wave  form.  These  latter  again  react  on  the 
transformers  with  very  serious  results.  This  difficulty  has 
been  overcome  by  careful  design,  in  which  the  utmost  scien¬ 
tific  ability  has  been  required  and  has  been  shown,  and  by 
the  employment  of  new  devices,  mostly  in  the  shape  of  sub¬ 
sidiary  conducting  circuits,  which  effect  a  dampening  of 
these  disturbances. 

The  most  notable  event  of  the  year  has  been  the  appear¬ 
ance  of  Parson’s  steam  turbine  in  the  field  of  large  gener¬ 
ators.  Turbines  as  large  as  1,500  K.  W.  have  been  built, 
and  one  to  give  10,000  has  been  designed  and  its  construc¬ 
tion  is  being  considered. 

With  the  great  advantages  which  this  type  of  prime  motor 
possesses — i.  e.,  small  size  and  weight,  high  mechanical  effi¬ 
ciency,  adaptability  to  the  use  of  superheat  to  practically 
any  degree  owing  to  absence  of  necessity  for  any  internal  lu- 
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brication,  absence  of  vibration  and  yet  high  rotative  speed- — 
even  a  conservative  engineer  like  myself  may  feel  justified 
in  saying  definitely  that  the  days  of  the  steam-engine  are 
numbered.  When  we  consider  that  with  steam  turbines  not 
less  than  eight  times  the  power  can  be  generated  in  a  given 
space  than  can  be  produced  with  steam-engines,  that  the 
consumption  of  coal  is  considerably  less,  that  the  cost  of  the 
electrical  apparatus  is  only  one-third  or  less,  and  that  the 
regulation  is  better,  we  need  no  aid  of  the  spirit  of  prophecy 
to  see  that  the  expiration  of  the  patents  will  be  followed  by 
an  almost  immediate  and  general  use  of  this  device. 

The  projects  for  the  thermo-electric  generation  of  elec¬ 
tricity  by  thermopiles  and  by  carbon  in  melted  alkaline 
salts,  which  attracted  so  much  attention  last  year,  have 
given  no  practical  results  and  nothing  more  has  been  heard 
of  them. 

Tide  motors  have  been  used  with  some  slight  success,  but 
commercially  the  first  cost  has  stood  in  the  way  and  will 
probably  continue  to  do  so.  New  devices  for  the  utilization 
of  aerial  energy  by  windmills  of  constant  angular  velocity 
have  been  proposed.  To  touch  the  matter  with  the  point  of 
a  needle,  all  such  attempts  to  use  the  intermittent  forces  of 
nature  must  be  at  present  a  failure  for  lack  of  cheap  means 
of  storing  energ}r.  Consider,  for  example,  the  case  of  the 
storage  battery.  A  wind  or  sun  motor  may  easily  be  inoper¬ 
ative  for  a  week.  Hence  a  plant  selling  one  horse-power 
hour  of  work  per  day  must  be  capable  of  storing  up  at  least 
six  horse-power  hours.  A  storage  battery  to  store  up  six 
horse-power  hours  of  energy  would  have  cost,  a  few  years 
ago,  $600,  but  now  only  about  $300.  Twenty  per  cent  is 
the  usual  depreciation,  but  assuming  it  is  only  10  per  cent, 
and  interest  at  5  per  cent,  gives  us  a  yearly  fixed  charge  of 
$45  for  these  items.  Now  2  cents  per  horse-power  hour  is 
a  large  profit  over  working  expenses  and  fixed  charges  on 
an  electric  plant  for  distribution,  but  assuming  this,  we  get 
a  revenue  of  only  $6  per  year,  leaving  a  debit  of  $39  per 
year  for  each  horse-power  hour  of  plant. 
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DISTRIBUTION  OF  ELECTRICITY. 

a.  Short  Distance  Transmission. — With  the  gradual  increase 
in  the  use  of  electric  light,  the  older  system  of  distribution 
of  electricity  by  direct  current  at  110  volts  has  proved  un¬ 
equal  to  the  problem.  The  amount  of  capital  invested  in 
the  mains  and  feeders  is  so  enormous  and  represents  such 
an  amount  of  locked-up  money  and  such  a  large  annual  in¬ 
terest  charge  that  stations  working  on  this  system  have  to 
charge  so  much  for  current  that  large  users  find  it  cheaper 
to  own  private  plants.  The  capital  of  some  of  these  com¬ 
panies  is  as  much  as  $100  for  each  16  candle-power  lamp 
connected  with  their  mains,  and  it  is  evident  that  this  is  ex¬ 
cessive.  Moreover,  owing  to  the  strong  prejudice  against 
tearing  up  the  streets  frequently,  larger  mains  must  be  put 
down  than  will  be  needed  for  some  years,  and  when  these 
are  overloaded  it  is  almost  impossible  to  increase  them. 

The  present  year  has  seen  this  difficulty  met  in  two  ways : 
First,  more  especially  in  England,  by  a  raising  of  the  vol¬ 
tage  on  the  lamps  to  220  volts.  This  has  been  done  by  sev¬ 
eral  of  the  largest  engine  supply  companies  in  London  and 
elsewhere.  The  results  are  bound  to  be  in  the  highest  de¬ 
gree  disastrous,  and  will  create  great  prejudice  against  the 
electric  light,  and  must  ultimately  be  abandoned,  with  a 
very  great  loss  of  capital  in  trying  the  experiment.  For  the 
220  volt  the  carbon-filament  lamp  can  never  be  made  satis¬ 
factory,  being  necessarily  of  much  shorter  life  than  the  110- 
volt  lamp  and  also  less  efficient.  Moreover,  the  house  fittings 
must  all  be  altered,  and  the  introduction  of  a  potential  dif¬ 
ference  of  440  volts,  which  will  occur  since  the  three-wire 
system  is  used,  will  cause  a  number  of  cases  of  death  from 
electric  shock.  The  only  possibility  of  success  which  this 
method  has  is  in  the  general  use  of  the  Jablokoff-Nernst 
lamp,  and  so  far  this  is  not  a  commercial  success. 

The  other  method,  used  in  America  and  gradually  being 
extended,  is  the  use  of  sub-stations  in  the  city,  fed  at  high 
voltages,  by  alternating  current  stations  situated  on  the  out- 
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skirts  of  the  city  and  distributing  direct  current  through  a 
much  shorter  length  of  mains,  thus  allowing  larger  amounts 
of  current  to  be  carried  with  a  permissible  drop.  So  far,  this 
system  seems  to  be  a  success,  both  in  increasing  the  number 
of  lamps  which  can  be  connected  and  also  in  reducing  the 
cost  of  production  of  power,  and  hence  it  will  probably  come 
into  general  use. 

The  same  method  has  been  used  for  furnishing  current  to  - 
city  street  railways,  necessitated  here  also  b}^  the  immense 
amount  of  power  which  has  to  be  furnished  and  which,  at 
the  low  voltages,  would  necessitate  an  amount  of  copper  in 
the  conductors  which  would  be  prohibitive.  The  result  has 
been  the  erection  of  immense  stations,  capable  of  supplying 
power  for  a  whole  city,  in  units  of  no  less  than  5,000  horse¬ 
power.  The  ability  to  place  such  stations  on  tide-water 
where  coal  and  condensing  water  can  be  cheaply  obtained, 
in  conjunction  with  every  device  possible  for  rendering  their 
operation  independent  of  manual  labor,  will  result  in  con¬ 
siderable  economies  in  operation. 

b.  Long  Distance  Transmission. — Few  improvements  have 
been  made  in  this  direction.  The  number  of  lines  has  been 
increased,  and  some  extremely  large  plants  are  being  pushed 
to  completion.  The  largest  of  these  are  at  Niagara,  Lachine, 
and  Chambley.  The  Assuan  plant,  on  the  Nile,  will  be  in 
operation  within  a  few  years,  and  will  do  much  to  develop 
Egypt,  which  will  probably  become  a  large  cotton  manu¬ 
facturing  center.  Large  projects  are  now  under  way  in 
India  and  elsewhere.  The  two  remaining  great  opportuni¬ 
ties  of  the  future  are  at  the  falls  of  Zambesi  and  those  on 
the  northern  tributary  of  the  Ganges. 

Recent  work  has  tended  to  set  a  limit  to  the  distance  at 
which  long-distance  transmission  is  possible.  Considering 
economic  considerations  alone,  the  distance  at  which  trans¬ 
mission  is  profitable,  except  under  exceptional  conditions, 
may  be  put  as  roughly  one  mile  for  each  thousand  volts  of 
potential  used.  But  the  experiments  of  the  Westinghouse 
Company  have  shown  that  at  potentials  of  about  50,000 
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volts  the  electrostatic  discharge  from  the  wires  uses  up  so 
much  energy  and  causes  such  a  large  capacity  current  that 
higher  voltages  are  impracticable.  The  voltage  permissible 
increases  with  the  size  of  the  conductors,  and  may  be  in¬ 
creased  also,  no  doubt,  by  wrapping  the  wires  with  a  cheap 
fibre  impregnated  with  some  cheap  insulating  material,  thus 
reducing  the  maximum  electrostatic  intensity  in  the  air,  but 
from  present  indications  we  may  sa}^  that  there  is  no  proba¬ 
bility  that  we  shall  ever  find  it  profitable  to  transmit  power 
in  large  quantities  over  more  than  150  to  200  miles. 

The  past  year  has  marked  the  appearance  of  what  may  be 
called  the  “perfect”  alternating  current  motor  in  the  shape 
of  a  condensered  motor,  designed  by  C.  P.  Steinmitz.  Practi¬ 
cally,  no  more  remains  to  be  done  in  this  line. 

The  history  of  the  alternating  current  motor  is  of  interest, 
as  showing  how  soon  an  imperative  demand  is  supplied. 
The  true  precursor  of  the  alternating  current  motor  was  the 
motor  of  Bailey,  which  ran  by  polyphase  currents  obtained 
by  commutating  direct  currents.  This  was,  however,  con¬ 
sidered  merely  as  an  interesting  toy.  When  the  demand 
for  an  alternating  current  motor  arose,  electricians  confined 
themselves  to  single-phase  motors,  as  the  employment  of  a 
number  of  circuits  would  naturally  be  considered  objection¬ 
able.  Tesla,  as  a  perusal  of  his  original  patents  shows,  at¬ 
tempted  to  use  the  old  whirligig  motor  of  the  laboratory,  in 
which  a  number  of  magnets  were  alternately  attracted  to 
and  repelled  from  a  set  number  of  stationary  magnets.  His 
improvement,  as  he  himself  states  in  his  patent  application, 
consisted  in  using,  instead  of  two  commutated  direct  cur¬ 
rents,  two  alternating  currents,  and  his  sole  claim  for  a  pat¬ 
ent,  according  to  his  statement  contained  in  his  application, 
is  that,  while,  as  he  acknowledges,  the  motor  is  old,  the  use 
of  an  alternating  current  does  away  with  the  sparking  caused 
by  breaking  the  continuous  current  in  the  old  way.  That 
the  idea  of  an  induction  motor  was  not  contained  in  his  in¬ 
vention  is  shown  by  the  fact  that  in  another  patent  he  later 
states  that  the  field  must  be  carefully  laminated,  to  prevent 
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eddy  currents.  Now,  in  the  case  of  the  old  attracted  pole 
motor,  lamination  would  be  beneficial,  whilst  in  the  induc¬ 
tion  motor,  since  it  is  solely  by  these  induced  currents  that 
the  motor  operates,  lamination  would  absolutely  prevent  in¬ 
ductive  working  in  the  case  of  motor  armatures  such  as  those 
shown  in  the  patent  drawings.  Thus  careful  perusal  of  the 
original  patent  applications  shows  without  possibility  of  con¬ 
tradiction  that  the  idea  of  an  induction  motor  was  entirely 
foreign  to  Tesla’s  invention,  which  was,  as  he  himself  de¬ 
scribes  it,  the  employment  of  alternating  currents  instead  of 
commutated  direct  currents  in  a  revolving  pole  motor,  of  the 
old  type,  for  the  purpose  of  preventing  sparking. 

It  is  to  Ferraris,  of  Italy,  that  the  invention  of  the  induc¬ 
tion  motor  is  due.  He  worked  out  the  problem  and  gave 
the  correct  theory  about  the  same  time  that  Tesla  was  work¬ 
ing  on  the  problem,  but  was  unfortunately  misled  into  the  old 
pitfall  of  the  confusion  between  maximum  amount  of  energy 
output  and  maximum  efficiency  (the  same  mistake  which 
retarded  the  use  of- the  direct-current  motor)  into  stating 
that  the  motor  was  not  commercial,  as  it  wasted  half  the 
energ}L 

Temporarily  the  motor  was  dropped  out  of  sight  for  a  few 
years,  but  was  meantime  being  developed  energetically  in 
Germany,  and  also  by  the  engineers  of  the  Westinghouse 
Company  in  this  country.  Gradually  it  was  developed,  as 
its  theory  became  better  understood,  and  its  many  advan¬ 
tages  gave  it  a  large  sale. 

The  problem  of  the  alternating  current  motor  for  single 
phase  was  still,  however,  unsolved.  Devices,  such  as  splitting 
the  current,  were  tried,  but  without  success,  except  for  cer¬ 
tain  limited  cases.  It  was  found  that  two  and  three  phase 
motors  would  run  on  single-phase  circuits,  but  under  these 
conditions  the}^  could  be  made  to  have  but  very  little  start¬ 
ing  torque,  and  were  heavier  for  their  output.  Finally, 
Steinmitz,  by  using  polyphase  motors  on  a  single  phase,  with 
proper  inductances  and  capacities  in  the  motor  circuits, 
evolved  a  motor  which  was  the  complete  solution  to  the 
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problem,  inasmuch  as  it  worked  as  well,  or  slightly  better,  on 
a  single-phase  circuit,  giving  the  necessary  starting  torque, 
etc.,  than  the  polyphase  motors  worked  on  the  polyphase 
circuits.  This  notable  achievement  of  Steinmitz  removes 
the  last  important  disability  from  the  alternating  current 
system. 

In  addition,  the  invention  of  this  motor  is  destined  to 
have  a  very  important  influence  upon  long  distance  traction 
by  electric  current,  as  it  will  now  not  be  necessary  to  have 
three  or  even  two  conductors,  one  being  sufficient,  thus  sim¬ 
plifying  matters  considerably ;  and  whilst,  as  will  be  seen 
from  the  facts  mentioned  above,  there  is  no  present  possibil¬ 
ity  of  running  long  lines  from  one  central  plant,  since  the 
stations  can  hardly  be  more  than  200  miles  apart,  for  econom¬ 
ical  working,  yet  it  may  well  be  that  in  the  near  future  we 
shall  see  such  lines  as  those  between  Philadelphia  and  New 
York  worked  entirely  by  electricity. 

TELEPHONE  AND  TELEGRAPH. 

In  telegraphic  work  the  chief  feature  recently  has  been 
the  interest  taken  by  the  companies  in  multiplex  systems. 
Ten  years  ago  there  was  no  demand  for  such  systems,  and 
the  writer  remembers,  when  he  had  invented,  in  1891,  the 
system  of  multiplex  telegraphy  by  sine  waves  of  varying 
periodicities,  received  by  properly  tuned  circuits,  the  advice 
he  received  on  asking  a  prominent  telegraphic  official  in 
regard  to  placing  it  before  the  company  with  which  the 
latter  was  connected.  It  was  more  forcible  than  printable. 

Two  reasons  have  combined  to  change  this :  first,  the  in¬ 
creasing  volume  of  business,  and,  secondly,  the  now  gener¬ 
ally  admitted  need  for  stronger,  and  therefore  more  expen¬ 
sive,  construction  of  the  lines.  At  present  there  are  a  number 
of  very  interesting  systems  being  put  into  more  or  less  prac¬ 
ticable  use.  Amongst  these  is  Professor  Rowland’s  printing 
telegraph,  which  is  operated  by  a  typewriter  at  the  sending 
end  and  operates  a  typewriter  at  the  receiving  end,  being 
also  capable  of  multiplexing.  Numerous  writing  telegraphs 
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have  been  devised,  but  perhaps  the  most  interesting  of  these 
is  that  of  Poliak,  which  is  capable  of  very  high  speed. 

In  cable  work  the  tendency  has  also  been  in  the  direction 
of  increased  capital  expenditure  in  the  line,  with  greater  in¬ 
crease  of  speed.  Crehore  and  Squire’s  sj^stem  of  telegraphy 
apparatus  for  high-speed  telegraphy,  in  which  the  sine-wave 
method  is  used,  with  a  number  of  very  important  improve¬ 
ments  in  regard  to  the  mechanical  working,  has  also  been 
tried  with  a  very  considerable  amount  of  success. 

The  problem  now  before  the  cable  companies  is  that  of 
multiplex  working.  This  is  about  to  be  forced  upon  them 
by  developments  in  wireless  telegraphy.  The  more  complete 
study  of  the  phenomena  involved  in  this  application  of  elec¬ 
tricity  and  the  quantitative  experiments  of  the  Weather  Bu¬ 
reau  lead  us  without  any  chance  for  mistake  to  the  conclusion 
that  there  is  no  obstacle  in  the  way  of  transmission  over  dis¬ 
tances  much  longer  than  across  the  Atlantic,  and  this  with 
the  expenditure  of  an  amount  of  capital  quite  negligible  in 
comparison  with  the  cost  of  a  cable ;  and  we  must  be  prepared 
at  any  day  to  learn  that  that  ingenious  and  indefatigable 
inventor,  Signor  Marconi,  has  succeeded  in  accomplishing 
transatlantic  communication,  though  even  then  the  really 
great  problem,  that  of  selective  signaling,  will  still  have  to 
be  solved.  Yet  no  doubt  this  will  come  in  due  time,  and  the 
only  salvation  for  the  cable  companies  will  be  in  the  discov¬ 
ery  and  utilization  of  multiplex  methods. 

In  wireless  telegraphy  the  distance  sent  is  gradually  being 
increased,  though  slowly.  I  have  definitely  ascertained  that 
the  effects  are  produced  by  electric  radiation,  the  waves  pro¬ 
duced  traveling  over  the  surface  of  the  earth  in  all  direc¬ 
tions.  In  addition  to  Marconi’s,  a  number  of  other  systems 
are  being  developed  by  Dr.  Slaby,  Lodge,  and  others.  So 
far,  no  success  has  been  met  with  in  selective  signaling,  for, 
though  claims  have  been  made  in  this  respect,  messages  sent 
from  the  selective  stations  have  been  regularly  read  by  out¬ 
side  stations.  The  importance  of  a  non-selective  system  is 
especially  great  for  navy  use,  as  otherwise  the  ability  of  an 
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enemy  to  read  messages  sent  (since  a  code  can  never  be  re¬ 
lied  upon  absolutely  for  secrecy)  would  prove  a  source  of 
trouble. 

Dr.  Pupin  has  recently  made  a  considerable  improvement 
in  the  construction  of  lines  for  telegraphic  and  telephonic 
purposes.  The  formula  for  the  rate  of  arrival  of  an  electric 
signal  in  a  cable  was  first  given  by  Ohm,  though  it  is  com¬ 
monly  attributed  to  Kelvin.  Kirch  off  first  showed  that  the 
velocity  with  which  an  electro-magnetic  disturbance  is  prop¬ 
agated  in  a  wire  is  equal  to  that  of  light,  but  this  is  an  en¬ 
tirely  different  thing  from  the  rate  at  which  signals  can  be 
received,  for  this  depends  upon  the  time  taken  by  the  im¬ 
pulse  to  reach  a  readable  value,  i.  e.,  upon  the  sensitiveness 
of  the  receiver  and  the  electric  constants  of  the  cable. 

Various  schemes  have  been  proposed  for  increasing  the 
speed  of  transmission.  Heavyside  showed,  many  years  ago, 
that  inductance  could  be  used  to  oppose  the  effects  of  capacity 
in  cables  and  give  increased  speed  in  signaling.  Later,  S.  P. 
Thompson  proposed  to  put  this  in  practice.  Reed  suggested 
a  modification  of  the  method.  The  writer  suggested  and  de¬ 
veloped  the  use  of  pure  sine  waves,  a  method  which  has 
been  used  by  Crehore  and  Squire  with  considerable  success. 
But  the  employment  of  inductances  had  never  been  thor¬ 
oughly  worked  out  until  Pupin  took  up  the  matter  and 
in  a  masterly  paper  showed  what  conditions  must  be  ful¬ 
filled  to  give  good  results. 

This  invention  will  undoubtedly  give  increased  speed  of 
transmission  in  telegraphic  cables  and  better  speaking  in 
telephone  lines,  and  is  of  great  value.  The  fact,  however, 
appears  to  have  been  lost  sight  of  that  inductance  can  never 
thoroughly  neutralize  the  effects  of  capacity,  and  that  conse¬ 
quently  it  is  at  present  premature  to  talk  of  telephoning  from 
America  to  Europe.  It  has  been  overlooked  that  there  are 
certain  exponential  terms  in  the  equations  of  propagation 
through  a  single  element  of  capacity  and  inductance,  form¬ 
ing  the  suggested  cable,  and  that,  whilst  the  harmonic  terms 
are  not  cumulative,  the  exponential  terms  are,  and  that  the 


RECENT  PROGRESS  IN  ELECTRICITY. 


177 


presence  of  these  exponential  terms  will  prevent  speech 
through  long  distances  just  as  at  present,  so  that  without 
other  improvements  at  present  unknown  the  distance  may  be 
lengthened  say  50  or  100  per  cent,  but  by  no  means  indefi¬ 
nitely.  Put  in  another  way,  when  a  note  is  being  trans¬ 
mitted  through  the  cable  each  element  of  the  cable  is  charged 
to  a  given  potential,  and  this  charge  represents  energy,  and 
a  sufficient  amount  of  energy  to  supply  all  these  elements 
must  be  furnished  by  the  transmitter  before  speech  will  be 
received  at  the  other  end.  This  means  that  the  telephone 
diaphragm  must  keep  on  vibrating  for  a  period  of  time  before 
the  note  is  received  at  the  other  end.  But,  even  as  it  stands, 
the  invention  is  of  the  very  greatest  importance  to  the  tele¬ 
phone  companies. 

ELECTRO-CHEMISTRY. 

No  very  striking  advances  have  been  made  in  this  line 
during  the  past  year,  if  we  except  the  commercial  production 
of  artificial  graphite  by  Mr.  Atkinson.  This  is  produced  by 
heating  carbon  with  a  certain  per  cent  of  iron  (carbon  being 
converted  with  great  difficulty  when  pure,  but  quite  readily 
in  the  presence  of  impurities)  which  need  not  necessarily  re¬ 
main,  but  may  be  volatilized. 

The  production  of  electrolytic  soda,  phosphorus,  etc.,  seems 
to  be  now  firmly  established  on  a  dividend-paying  basis. 

Aluminum  has  attracted  attention  in  entering  the  field  in 
competition  with  copper  for  electrical  purposes.  It  is  doubt¬ 
ful,  however,  if  it  will  be  used  to  any  extent,  on  account  of 
its  poor  mechanical  qualities,  it  being  more  allied  to  tin  and 
lead  than  to  the  stronger  metals.  It  is  possible,  however, 
that  alloys  with  magnesium  may  give  this  needed  strength 
without  loss  of  electrical  properties,  in  which  case  a  consid¬ 
erable  use  will  be  made  of  it.  Magnesium  could  be  very 
easily  and  cheaply  produced,  much  more  cheaply  than  alu¬ 
minum,  the  present  high  price  being  due  merely  to  the  small 
demand,  and  there  may  be  a  future  for  these  and  similar 
alloys,  as,  for  example,  beryllium  and  aluminum,  or  magne¬ 
sium,  which  I  have  called  Austin  metal.  Even  at  present, 
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however,  aluminum  is  a  valuable  check  to  any  abnormal 
and  unnecessary  increase  in  the  price  of  copper,  all  present 
danger  of  which,  however,  will  probably  be  eliminated  by 
the  discovery  of  new  methods  and  deposits,  due  to  the  present 
high  prices. 

The  production  of  aluminum  is  increasing  at  a  rapid  rate, 
and  no  difficulty  seems  to  be  met  with  in  disposing  of  it. 

ELECTRICAL  INSTRUMENTS. 

Even  a  brief  review  of  this  field  is  impossible.  A  few  in¬ 
struments,  however,  may  be  mentioned.  The  testing  ap¬ 
paratus  designed  by  Mr.  Fisher  is  a  marked  advance  in  this 
class  of  apparatus,  and  will  enable  many  kinds  of  testing  to 
be  completed  in  but  a  fraction  of  the  time  previously  taken. 
The  distinctive  feature,  aside  from  details  of  construction,  is 
the  use  of  a  commutating  switch,  which  makes  all  the  neces¬ 
sary  connections  for  a  test  by  one  motion  of  a  handle. 
Methods  of  winding  resistances  have  been  improved,  so  that 
not  only  is  the  self-induction  done  away  with,  but  also  the 
capacity  is  also  rendered  negligible — a  matter  which  is  of 
great  importance  where  alternating  currents  are  used,  and 
which  prohibits  the  use  of  resistance  boxes  constructed  on 
the  old  methods.  Nichols’  application  of  the  principle  of 
the  Crooks  effect  to  the  construction  of  a  radiometer  has  at 
last  given  us  an  instrument  capable  of  being  affected  by  the 
light  from  the  stars.  The  universal  shunt  for  galvanometers 
invented  by  Professor  Ayrton  is  an  improvement  of  the 
greatest  value.  Work  is  still  being  prosecuted  on  standards 
of  resistance  and  of  electromotive  force,  but  as  yet  the  prob¬ 
lem  has  not  been  solved  with  perfect  satisfaction,  as  all  the 
low  temperature  coefficient  resistance  materials  are  liable  to 
considerable  alternations  of  resistance  if  the  temperature  is 
changed  much  from  normal,  and  the  Clarke  and  Weston 
cells  also  change  their  values  considerably  when  subjected 
to  abnormal  conditions  of  temperature.  The  writer  has  sug¬ 
gested  the  use  of  lead  wire  in  a  bulb  filled  with  hydrogen 
and  containing  also  a  platinum  resistance  for  measuring 
temperature  as  a  permanent  standard. 


THE  RECOGNITION  OF  THE  FOURTH  DIMENSION. 


BY 

0.  H.  Hinton. 


[Read  before  the  Society  November  9,  1901.] 


There  are  two  directions  of  inquiry  in  which  the  research 
for  the  pl^sical  reality  of  a  fourth  dimension  can  be  prose¬ 
cuted.  One  is  the  investigation  of  the  infinitely  great,  the 
other  is  the  investigation  of  the  infinitely  small. 

By  the  measurement  of  the  angles  of  vast  triangles  whose 
sides  are  the  distances  between  the  stars  astronomers  have 
sought  to  determine  if  there  is  any  deviation  from  the  values 
given  by  geometrical  deduction.  If  the  angles  of  a  celestial 
triangle  do  not  together  equal  two  right  angles,  there  would 
be  an  evidence  for  the  physical  reality  of  a  fourth  dimen¬ 
sion. 

This  conclusion  deserves  a  word  of  explanation.  If  space 
is  really  four  dimensional,  certain  conclusions  follow  which 
must  be  brought  clearly  into  evidence  if  we  are  to  frame  the 
questions  definitely  which  we  put  to  Nature.  If  space  is 
four  dimensional,  there  must  be  a  solid  material  sheet  against 
which  we  move.  This  sheet  must  stretch  alongside  every 
object  in  every  direction  in  which  it  visibly^  moves.  Every 
material  body  must  slip  or  slide  along  this  sheet,  not  deviat¬ 
ing  from  contact  with  it  in  any  motion  which  we  can  observe. 

The  necessity  for  this  assumption  is  clearly  apparent  if 
we  consider  the  analogous  case  of  a  suppositionary  plane 
world.  If  there  were  any  creatures  whose  experience  were 
confined  to  a  plane,  we  must  account  for  their  limitation.  If 
they  were  free  to  move  in  every  space  direction,  they  would 
have  a  three-dimensional  motion ;  hence  they  must  be  phys¬ 
ically  limited,  and  the  only  way  in  which  we  can  conceive 

26— Bull.  Phil.  Soe.,  Wash.,  Vol.  14. 


(179) 


180 


HINTON. 


such  a  limitation  to  exist  is  by  means  of  a  material  surface 
against  which  they  slide.  The  existence  of  this  surface  could 
only  be  known  to  them  indirectly.  It  does  not  lie  in  any 
direction  from  them  in  which  the  kinds  of  motion  they  know 
of  leads  them.  If  it  were  perfectly  smooth  and  always  in 
contact  with  every  material  object,  there  would  be  no  differ¬ 
ence  in  their  relations  to  it  which  would  direct  their  atten¬ 
tion  to  it. 

But  if  this  surface  were  curved — if  it  were,  say,  in  the  form 
of  a  vast  sphere — the  triangles  they  drew  would  really  be 
triangles  of  a  sphere,  and  when  these  triangles  are  large 
enough  the  angles  diverge  from  the  magnitudes  they  would 
have  for  the  same  lengths  of  sides  if  the  surface  were  plane. 
Hence  by  the  measurement  of  triangles  of  very  great  mag¬ 
nitude  a  plane  being  might  detect  a  difference  from  the  laws 
of  a  plane  world  in  his  physical  world,  and  so  be  led  to  the 
conclusion  that  there  was  in  reality  another  dimension  to 
space — a  third  dimension — as  well  as  the  two  which  his  or¬ 
dinary  experience  made  him  familiar  with. 

Now,  astronomers  have  thought  it  worth  while  to  exam¬ 
ine  the  measurements  of  vast  triangles  drawn  from  one  celes¬ 
tial  body  to  another  with  a  view  to  determine  if  there  is 
anything  like  a  curvature  in  our  space — that  is  to  say,  they 
have  tried  astronomical  measurements  to  find  out  if  the  vast 
solid  sheet  against  which,  on  the  supposition  of  a  fourth  di¬ 
mension,  everything  slides  is  curved  or  not.  These  results 
have  been  negative.  The  solid  sheet,  if  it  exists,  is  not 
curved  or,  being  curved,  has  not  a  sufficient  curvature  to 
cause  any  observable  deviation  from  the  theoretical  value 
of  the  angles  calculated. 

Hence  the  examination  of  the  infinitely  great  leads  to  no 
decisive  criterion.  It  neither  proves  nor  disproves  the  ex¬ 
istence  of  a  fourth  dimension. 

Coming  now  to  the  prosecution  of  the  inquiry  in  the  di¬ 
rection  of  the  infinitely  small,  we  have  to  state  the  question 
thus  :  Our  laws  of  movement  are  derived  from  the  examina¬ 
tion  of  bodies  which  move  in  three-dimensional  space.  All 
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our  conceptions  are  founded  on  the  supposition  of  a  space 
which  is  represented  analytically  by  three  independent  axes 
and  variations  along  them — that  is,  it  is  a  space  in  which  there 
are  three  independent  movements.  Any  motion  possible  in 
it  can  be  compounded  out  of  these  three  movements,  which 
we  may  call :  up,  right,  away. 

To  examine  the  actions  of  the  very  small  portions  of 
matter  with  the  view  of  ascertaining  if  there  is  any  evidence 
in  the  phenomena  for  the  supposition  of  a  fourth  dimension 
of  space,  we  must  commence  by  clearly  defining  what  the 
laws  of  mechanics  would  be  on  the  supposition  of  a  fourth 
dimension.  It  is  no  use  asking  if  the  phenomena  of  the 
smallest  particles  of  matter  are  like — we  do  not  know  what. 
We  must  have  a  definite  conception  of  what  the  laws  of  mo¬ 
tion  would  be  on  the  supposition  of  the  fourth  dimension, 
and  then  inquire  if  the  phenomena  of  the  activity  of  the 
smaller  particles  of  matter  resemble  the  conceptions  which 
we  have  elaborated. 

Nqw,  the  task  of  forming  these  conceptions  is  by  no  means 
one  to  be  lightly  dismissed.  Movement  in  space  has  many 
features  which  differ  entirely  from  movement  on  a  plane  • 
and  when  we  set  about  to  form  the  conception  of  motion  in 
four  dimensions,  we  find  that  there  is  at  least  as  great  a 
step  as  from  the  plane  to  three-dimensional  space. 

I  do  not  say  that  the  step  is  difficult,  but  I  want  to  point 
out  that  it  must  be  taken.  When  we  have  formed  the  con¬ 
ception  of  four-dimensional  motion,  we  can  ask  a  rational 
question  of  Nature.  Before  we  have  elaborated  our  concep¬ 
tions  we  are  asking  if  an  unknown  is  like  an  unknown — a 
futile  inquiry. 

As  a  matter  of  fact,  four-dimensional  movements  are  in 
every  way  simple  and  more  easy  to  calculate  than  three-di¬ 
mensional  movements,  for  four-dimensional  movements  are 
simply  two  sets  of  plane  movements  put  together.  It  ap¬ 
pears  to  me  one  of  the  most  marvelous  characteristics  of  the 
power  of  the  intellect  to  find  how,  without  any  of  the  fa¬ 
miliarity  derived  from  experience,  it  is  possible  to  grasp 


182 


HINTON. 


the  facts  of  four-dimensional  movement  and  apprehend  the 
consequences  of  these  conceptions. 

Without  the  formation  of  an  experience  of  four-dimen¬ 
sional  bodies,  their  shapes  and  motions,  the  subject  can  be 
but  formal — logically  conclusive,  not  intuitively  evident. 
It  is  to  this  logical  apprehension  that  I  must  appeal. 

It  is  perfectly  simple  to  form  an  experiential  familiarity 
with  the  facts  of  four-dimensional  movement.  The  method 
is  analogous  to  that  which  a  plane  being  would  have  to 
adopt  to  form  an  experiential  familiarity  with  three-dimen¬ 
sional  movements,  and  may  be  briefly  summed  up  as  the  for¬ 
mation  of  a  compound  sense  by  means  of  which  duration 
is  regarded  as  equivalent  to  extension. 

Consider  a  being  confined  to  a  plane.  A  square  enclosed 
by  four  lines  will  be  to  him  a  solid,  the  interior  of  which  can 
only  be  examined  by  breaking  through  the  lines.  If  such 
a  square  were  to  pass  transverse  to  his  plane,  it  would  im¬ 
mediately  disappear.  It  would  vanish,  going  in  no  direction 
to  which  he  could  point. 

If,  now,  a  cube  be  placed  in  contact  with  his  plane,  its  sur¬ 
face  of  contact  would  appear  like  the  square  which  we  have 
just  mentioned.  But  if  it  were  to  pass  transverse  to  his 
plane,  breaking  through  it,  it  would  appear  as  a  lasting 
square.  The  three-dimensional  matter  will  give  a  lasting  ap¬ 
pearance  in  circumstances  under  which  two-dimensional  mat¬ 
ter  will  at  once  disappear. 

Similarly,  a  four-dimensional  cube,  or,  as  we  may  call  it, 
a  tesseract,  wThich  is  generated  from  a  cube  by  a  movement 
of  every  part  of  the  cube  in  a  fourth  direction  at  right 
angles  to  each  of  the  three  visible  directions  in  the  cube,  if 
it  moved  transverse  to  our  space,  would  appear  as  a  lasting 
cube. 

A  cube  of  three-dimensional  matter,  since  it  extends  to  no 
distance  at  all  in  the  fourth  dimension,  could  instantly  dis¬ 
appear  if  subjected  to  a  motion  transverse  to  our  space.  It 
would  disappear  and  be  gone  without  it  being  possible  to 
point  to  any  direction  in  which  it  had  moved. 
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All  attempts  to  visualize  a  fourth  dimension  are  futile.  It 
must  be  connected  with  a  time  experience  in  three  space. 

The  most  difficult  notion  for  a  plane  being  to  acquire 
would  be  that  of  rotation  about  a  line.  Consider  a  plane 
being  facing  a  square.  If  he  were  told  that  rotation  about  a 
line  were  possible,  he  would  move  his  square  this  way  and 
that.  A  square  in  a  plane  can  rotate  about  a  point,  but  to 
rotate  about  a  line  would  seem  to  the  plane  being  perfectly 
impossible.  How  could  those  parts  of  his  square  which 
were  on  one  side  of  an  edge  come  to  the  other  side  without 
the  edge  moving  ?  He  could  understand  their  reflection  in 
the  edge.  He  could  form  an  idea  of  the  looking-glass  image 
of  his  square  lying  on  the  opposite  side  of  the  line  of  an  edge, 
but  by  no  motion  that  he  knows  of  can  he  make  the  actual 
square  assume  that  position.  The  result  of  the  rotation  would 
be  like  reflection  in  the  edge,  but  it  would  be  a  physical  im¬ 
possibility  to  produce  it  in  the  plane. 

The  demonstration  of  rotation  about  a  line  must  be  to  him 
purely  formal.  If  he  conceived  the  notion  of  a  cube  stretch¬ 
ing  out  in  an  unknown  direction  away  from  his  plane,  then 
he  can  see  the  base  of  it,  his  square  in  the  plane,  rotating 
round  a  point.  He  can  likewise  apprehend  that  every  par¬ 
allel  section  taken  at  successive  intervals  in  the  unknown 
direction  rotates  in  like  manner  round  a  point.  Thus  he 
would  come  to  conclude  that  the  whole  body  rotates  round 
a  line — the  line  consisting  of  the  succession  of  points  round 
which  the  plane  sections  rotate.  Thus,  given  three  axes,  x, 
y ,  3,  if  x  rotates  to  take  the  place  of  y,  and  y  turns  so  as  to 
point  to  negative  x,  then  the  third  axis  remaining  unaffected 
by  this  turning  is  the  axis  about  which  the  rotation  takes 
place.  This,  then,  would  have  to  be  his  criterion  of  the  axis 
of  a  rotation— -that  which  remains  unchanged  when  a  rota¬ 
tion  of  ever}"  plane  section  of  a  body  takes  place. 

There  is  another  way  in  which  a  plane  being  can  think 
about  three-dimensional  movements ;  and,  as  it  affords  the 
type  by  which  we  can  most  conveniently  think  about  four¬ 
dimensional  movements,  it  will  be  no  loss  of  time  to  con¬ 
sider  it  in  detail. 
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We  can  represent  the  plane  being  and  his  object  by  figures 
cut  out  of  paper,  which  slip  on  a  smooth  surface.  The 
thickness  of  these  bodies  must  be  taken  as  so  minute  that 
y  their  extension  in  the  third  dimension 

escapes  the  observation  of  the  plane 
being,  and  he  thinks  about  them  as  if 
they  were  mathematical  plane  figures 
in  a  plane  instead  of  being  material 
x  bodies  capable  of  moving  on  a  plane 
surface.  Let  A  x,  A  y  be  two  axes  and 
ABCD  a  square.  As  far  as  move- 


ments  in  the  plane  are  concerned,  the  square  can  rotate 
about  a  point,  A,  for  example.  It  cannot  rotate  about  a  side 
such  as  A  C. 

But  if  the  plane  being  is  aware  of  the  existence  of  a  third 
dimension  he  can  study  the  movements  possible  in  the  ample 
space,  taking  his  figure  portion  by  portion. 

His  plane  can  only  hold  two  axes.  But,  since  it  can  hold 
two,  he  is  able  to  represent  a  turning  into  the  third  dimen¬ 
sion  if  he  neglect  one  of  his  axes  and  represent  the  third 
axis  as  lying  in  his  plane.  He  can  make  a  drawing  in  his 
plane  of  what  stands  up  perpendicular^  from  his  plane. 
Let  A  z  be  the  axis,  which  stands  per¬ 
pendicular  to  his  plane  at  A.  He  can 
draw  in  his  plane  two  lines  to  represent 
the  two  axes,  A  x  and  A  z.  Let  Fig.  2 
be  this  drawing.  Here  the  2  axis  has 
taken  the  place  of  the  y  axis,  and  the  — - 
plane  of  A  x  A  2:  is  represented  in  his 
plane.  In  this  figure  all  that  exists  of 
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the  square  ABCD  will  be  the  line  A  B. 

The  square  extends  from  this  line  in  the  y  direction,  but 
more  of  that  direction  is  represented  in  Fig.  2.  The  plane 
being  can  study  the  turning  of  the  line  A  B  in  this  diagram. 
It  is  simply  a  case  of  plane  turning  around  the  point  A. 
The  line  A  B  occupies  intermediate  portions  like  A  Bl  and 
after  half  a  revolution  will  lie  on  A  x  produced  through  A. 
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Now,  in  the  same  way,  the  plane  being  can  take  another 
point,  A',  and  another  line,  A'  B',  in  his  square.  He  can 
make  the  drawing  of  the  two  directions  at  A',  one  along 
A'  B',  the  other  perpendicular  to  his  plane.  He  will  obtain 
a  figure  precisely  similar  to  Fig.  2,  and  will  see  that,  as  A  B 
can  turn  around  A,  so  A'  B'  around  A'. 

In  this  turning  A  B  and  A'  B'  would  not  interfere  with 
each  other,  as  they  would  if  they  moved  in  the  plane  around 
the  separate  points  A  and  A'. 

Hence  the  plane  being  would  conclude  that  a  rotation 
round  a  line  was  possible.  He  could  see  his  square  as  it 
began  to  make  this  turning.  He  could  see  it  half  way  round 
when  it  came  to  lie  on  the  opposite  side  of  the  line  A  C. 
But  in  intermediate  portions  he  could  not  see  it,  for  it  runs 
out  of  the  plane. 

Coming  now  to  the  question  of  a  four-dimensional  body, 
let  us  conceive  of  it  as  a  series  of  cubic  sections,  the  first  in 
our  space,  the  rest  at  intervals,  stretching  away  from  our 
space  in  the  unknown  direction. 

We  must  not  think  of  a  four-dimensional  body  as  formed 
by  moving  a  three-dimensional  body  in  any  direction  which 
we  can  see. 

Refer  for  a  moment  to  Fig.  3.  The  point  A,  moving  to 
the  right,  traces  out  the  line  A  C.  The  line  A  C,  moving 
away  in  a  new  direction,  traces  out  the  square  A  C  E  G  at 
the  base  of  the  cube.  The  square  A  E  G  C,  moving  in  a  new 
direction,  will  trace  out  the  cube  A  ft  E  G  B  D  H  F.  The 
vertical  direction  of  this  last  motion  is  not  identical  with 
any  motion  possible  in  the  plane  of  the  base  of  the  cube.  It 
is  an  entirely  new  direction,  at  right  angles  to  every  line 
that  can  be  drawn  in  the  base.  To  trace  out  a  tesseract  the 
cube  must  move  in  a  new  direction — a  direction  at  right 
angles  to  any  and  every  line  that  can  be  drawn  in  the  space 
of  the  cube. 

The  cubic  sections  of  the  tesseract  are  related  to  the  cube 
we  see  as  the  square  sections  of  the  cube  are  related  to  the 
square  of  its  base  which  a  plane  being  sees. 
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Let  us  imagine  the  cube  in  our  space,  which  is  the  base 
of  a  tesseract,  to  turn  about  one  of  its  edges.  The  rotation 
will  carry  the  whole  body  with  it,  and  each  of  the  cubic 
sections  will  rotate.  The  axis  we  see  in  our  space  will  re¬ 
main  unchanged,  and  likewise  the  series  of  axes  parallel  to 
it  about  which  each  of  the  parallel  cubic  sections  rotates. 
The  assemblage  of  all  of  these  is  a  plane. 

Hence  in  four  dimensions  a  body  rotates  about  a  plane. 
There  is  no  such  thing  as  rotation  round  an  axis. 

We  may  regard  the  rotation  from  a  different  point  of  view. 
Consider  four  independent  axes  each  at  right  angles  to  all  the 
others,  drawn  in  a  four-dimensional  body.  Of  these  four 
axes  we  can  see  any  three.  The  fourth  extends  normal  to 
our  space. 

Rotation  is  the  turning  of  one  axis  into  a  second,  and  the 
second  turning  to  take  the  place  of  the  negative  of  the  first. 
It  involves  two  axes.  Thus,  in  this  rotation  of  a  four-dimen¬ 
sional  body,  two  axes  change  and  two  remain  at  rest.  Four¬ 
dimensional  rotation  is  therefore  a  turning  about  a  plane. 

As  in  the  case  of  a  plane  being  the  result  of  rotation  about 
a  line  could  appear  as  the  production  of  a  looking-glass 
image  of  the  original  object  on  the  other  side  of  the  line,  so 
to  us  the  result  of  a  four-dimensional  rotation  would  appear 
like  the  production  of  a  looking-glass  image  of  a  body  on  the 
other  side  of  a  plane.  The  plane  would  be  the  axis  of  the 
rotation,  and  the  path  of  the  body  between  its  two  appear¬ 
ances  would  be  unimaginable  in  three-dimensional  space. 

Let  us  now  apply  the  method  by  which 
a  plane  being  could  examine  the  na¬ 
ture  of  rotation  about  a  line  in  our 
examination  of  rotation  about  a  plane. 
Fig.  3  represents  a  cube  in  our  space, 
the  three  axes  x,  y,  z  denoting  its  three 
dimensions.  Let  w  represent  the  fourth 
~x  dimension.  Now,  since  in  our  space  we 
can  represent  any  three  dimensions,  we 
can,  if  we  choose,  make  a  representation 
of  what  is  in  the  space  determined  by  the  three  axes  x,  z,  w. 
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This  is  a  three-dimensional  space  determined  by  two  of 
the  axes  we  have  drawn,  x  and  z,  and  in  place  of  y  the 
fourth  axis,  w.  We  cannot,  keeping  x  and  z,  have  both  y 
and  w  in  our  space  ;  so  we  will  let  y  go  and  draw  w  in  its 
place.  What  will  be  our  view  of  the  cube? 

Evidently  we  shall  have  simply  the  square  that  is  in  the 
plane  of  x  z,  the  square  A  C  D  B.  The  rest  of  the  cube 
stretches  in  the  y  direction,  and,  as  we  have  none  of  the 
space  so  determined,  we  have  only  the  face  of  the  cube. 
This  is  represented  in  Fig.  4. 

Now,  suppose  the  whole  cube  to  be  turned  from  the  x  to 
the  w  direction.  Conformably  with  our  method,  we  will  not 
take  the  whole  of  the  cube  into  consider¬ 
ation  at  once,  but  will  begin  with  the  face 


A  B  C  D. 

Let  this  face  begin  to  turn.  Fig.  5 
represents  one  of  the  positions  it  will 
occupy ;  the  line  A  B  remains  on  the 
z  axis.  The  rest  of  the  face  extends  be¬ 
tween  the  x  and  the  w  direction. 

Now,  since  we  can  take  any  three 
axes,  let  us  look  at  what  lies  in  the  space 
of  z  y  w,  and  examine  the  turning  there. 
We  must  now  let  the  z  axis  disap¬ 
pear  and  let  the  w  axis  run  in  the  di¬ 
rection  in  which  z  ran. 

Making  this  representation,  what  do 
we  see  of  the  cube?  Obviously  we  see 
only  the  lower  face.  The  rest  of  the 
cube  lies  in  the  space  of  x  y  z.  In  the 
space  of  x  y  w  we  have  merely  the  base 
of  the  cube  lying  in  the  plane  of  x  y, 
as  shown  in  Fig.  6. 

Now  let  the  x  to  w  turning  take  place. 
The  square  A  C  E  G  will  turn  about  the 
line  A  E.  This  edge  will  remain  along 
the  y  axis  and  will  be  stationary,  how¬ 
ever  far  the  square  turns. 


Fig.  4. 


27— Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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Thus,  if  the  cube  be  turned  by  an  x  to  w  turning,  both 
the  edge  A  B  and  the  edge  A  C  remain  stationary  ;  hence 

the  whole  face  A  B  E  F  in  the  y  z 
plane  remains  fixed.  The  turn¬ 
ing  has  taken  place  about  the  face 
A  B  E  F. 

Suppose  this  turning  to  con¬ 
tinue  till  A  C  runs  to  the  left  from 
A.  The  cube  will  occupy  the  po¬ 
sition  shown  in  Fig.  8.  This  is 
the  looking-glass  image  of  the 
cube  in  Fig.  3.  By  no  rotation  in 
three-dimensional  space  can  the 
cube  be  brought  from  the  position 
in  Fig.  3  to  that  shown  in  Fig.  8. 

We  can  think  of  this  turning  as 
a  turning  of  the  face  A  B  C  D  about 
A  B,  and  a  turning  of  each  section 
parallel  to  A  B  C  D  round  the  vertical  line  in  which  it  in¬ 
tersects  the  face  A  B  E  F,  the  space  in  which  the  turning  takes 
place  being  a  different  one  from  that  in  which  the  cube  lies. 

One  of  the  conditions,  then,  of  our  inquiry  in  the  direction 
of  the  infinitely  small  is  that  we  form  the  conception  of  a 
rotation  about  a  plane.  The  production  of  a  body  in  a  state 
in  which  it  presents  the  appearance  of  a  looking-glass  image 
of  its  former  state  is  the  criterion  for  a  four-dimensional 
rotation. 

There  is  some  evidence  for  the  occurrence  of  such  trans¬ 
formations  of  bodies  in  the  change  of  bodies  from  those  which 
produce  a  right-handed  polarization  of  light  to  those  which 
produce  a  left-handed  polarization  ;  but  this  is  not  a  point  to 
which  any  very  great  importance  can  be  attached. 

Still,  in  this  connection,  let  me  quote  a  remark  from  Prof. 
John  G.  McKendrick’s  address  on  Physiology  before  the 
British  Association  at  Glasgow.  Discussing  the  possibility 
of  the  hereditary  production  of  characteristics  through  the 
material  structure  of  the  ovum,  he  estimates  that  in  it  there 
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exist  12,000,000,000  biophors,  or  ultimate  particles  of  living 
matter,  a  sufficient  number  to  account  for  hereditary  trans¬ 
mission,  and  observes :  “  Thus  it  is  conceivable  that  vital  ac¬ 
tivities  may  also  be  determined  by  the  kind  of  motion  that 
takes  place  in  the  molecules  of  that  which  we  speak  of  as 
living  matter.  It  may  be  different  in  kind  from  some  of 
the  motions  known  to  physicists,  and  it  is  conceivable  that 
life  may  be  the  transmission  to  dead  matter,  the  molecules 
of  which  have  already  a  special  kind  of  motion  of  a  form  of 
motion  sui  generis .” 

Now,  in  the  realm  of  organic  beings  symmetrical  struc¬ 
tures — those  with  a  right  and  left  symmetry — are  every¬ 
where  in  evidence.  Granted  that  four  dimensions  exist,  the 
simplest  turning  produces  the  image  form,  and  by  a  folding 
over  structures  could  be  produced,  duplicated  right  and  left, 
just  as  in  the  case  of  a  plane.  A  symmetrical  and  life-like 
contour  is  created  by  the  child’s  amusement  of  folding  an 
ink-spattered  paper  along  the  line  of  blots. 

Whether  four-dimensional  motions  correspond  to  the 
physiologist’s  demand  for  a  special  kind  of  motion  or  not,  I 
do  not  know.  Our  business  is  with  the  evidence  for  its  ex- 
sistence  in  physics.  For  this  purpose  it  is  necessary  to  ex¬ 
amine  into  the  significance  of  rotation  round  a  plane  in  the 
case  of  extensible  and  of  fluid  matter. 

Let  us  dwell  a  moment  longer  on  the  rotation  of  a  rigid 
body.  Looking  at  the  cube  in  Fig.  3,  which  turns  about  the 
face  of  A  B  F  E,  we  see  that  any  line  in  the  face  can  take  the 
place  of  the  vertical  and  horizontal  lines  we  have  examined. 
Take  the  diagonal  line  A  F  and  the  section  through  it  to 
G  H.  The  portions  of  matter  which  were  on  one  side  of  A  F 
in  this  section  in  Fig.  3  are  on  the  opposite  side  of  it  in 
Fig.  8.  They  have  gone  round  the  line  A  F.  Thus  the  ro¬ 
tation  round  a  face  can  be  considered  as  a  number  of  rota¬ 
tions  of  sections  round  parallel  lines  in  it. 

The  turning  about  two  different  lines  is  impossible  in 
three-dimensional  space.  To  take  another  illustration,  sup¬ 
pose  A  and  B  are  two  parallel  lines  in  the  x  y  plane,  and 
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let  C  D  and  E  F  be  two  rods  crossing  them.  Now,  in  the 
space  of  x  y  z  if  the  rods  turn  round  the  lines  A  and  B  in 

the  same  direction  they  will  make 
two  independent  circles. 

When  the  end  F  is  going  down 
the  end  C  will  be  coming  up. 
They  will  meet  and  conflict. 

But  if  we  rotate  the  rods  about 
the  plane  of  A  B  by  the  z  to  w 
rotation  these  movements  will 
not  conflict.  Suppose  all  the  fig¬ 
ure  removed  with  the  exception 
of  the  plane  x  z,  and  from  this 
plane  draw  the  axis  of  w ,  so  that  we  are  looking  at  the  space 
of  x  z  w. 

Here,  Fig.  10,  we  cannot  see  the  lines  A  and  B.  We  see  the 
points  G  and  H,  in  which  A  and  B  intercept  the  x  axis,  but 
we  cannot  see  the  lines  themselves,  for  they  run  in  the  y  di¬ 
rection,  and  that  is  not  in  our  drawing. 

Now,  if  the  rods  move  with  the  z 
to  w  rotation  they  will  turn  in  paral¬ 
lel  planes,  keeping  their  relative  po¬ 
sitions.  The  point  D,  for  instance, 
will  describe  a  circle.  At  one  time 
it  will  be  above  the  line  A,  at  another 
time  below  it.  Hence  it  rotates 
round  A. 

Not  only  two  rods,  but  any  num¬ 
ber  of  rods  crossing  the  plane  will 
move  round  it  harmoniously.  We  can  think  of  this  rotation 
by  supposing  the  rods  standing  up  from  one  line  to  move 
round  that  line  and  remembering  that  it  is  not  inconsistent 
with  this  rotation  for  the  rods  standing  up  along  another  line 
also  to  move  round  it,  the  relative  positions  of  all  the  rods 
being  preserved.  Now,  if  the  rods  are  thick  together,  they 
may  represent  a  disk  of  matter,  and  we  see  that  a  disk  of 
matter  can  rotate  round  a  central  plane. 
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Rotation  round  a  plane  is  exactly  analogous  to  rotation 
round  an  axis  in  three  dimensions.  If  we  want  a  rod  to 
turn  round,  the  ends  must  be  free ;  so  if  we  want  a  disk 
of  matter  to  turn  round  its  central  plane  by  a  four-dimen¬ 
sional  turning,  all  the  contour  must  be  free.  The  whole  con¬ 
tour  corresponds  to  the  ends  of  the  rod.  Each  point  of  the 
contour  can  be  looked  on  as  the  extremity  of  an  axis  in  the 
body,  round  each  point  of  which  there  is  a  rotation  of  the 
matter  in  the  disk. 

If  the  one  end  of  a  rod  be  clamped,  we  can  twist  the  rod, 
but  not  turn  it  round  ;  so  if  any  part  of  the  contour  of  a  disk 
is  clamped  we  can  impart  a  twist  to  the  disk,  but  not  turn  it 
round  its  central  plane.  In  the  case  of  extensible  materials 
a  long,  thin  rod  will  twist  round  its  axis,  even  when  the  axis 
is  curved,  as,  for  instance,  in  the  case  of  a  ring  of  India 
rubber. 

In  an  analogous  manner,  in  four  dimensions  we  can  have 
rotation  round  a  curved  plane,  if  I  may  use  the  expression. 
A  sphere  can  be  turned  inside  out  in  four  dimensions. 

Let  Fig.  11  represent  a 
spherical  surface  on  each 
side  of  which  a  layer  of  mat¬ 
ter  exists.  The  thickness  of 
the  matter  is  represented  by 
the  rods  C  D  and  E  F,  ex¬ 
tending  equally  without  and 
within. 

Now,  take  the  section  of 
the  sphere  by  the  y  z  plane 
we  have  a  circle — Fig.  12. 

Now,  let  the  w  axis  be  drawn 
in  place  of  the  x  axis  so  that 
we  have  the  space  of  y  z  w 
represented.  In  this  space  all  that  there  will  be  seen  of  the 
sphere  is  the  circle  drawn. 

Here  we  see  that  there  is  no  obstacle  to  prevent  the  rods 
turning  round.  If  the  matter  is  so  elastic  that  it  will  give 


Axis  ofx  running  towards 
the  observer. 
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enough  for  the  particles  at  E  and  C  to  be  separated  as  they 
are  at  F  and  D,  they  can  rotate  round  to  the  position  D  and 

F,  and  a  similar  motion  is  pos¬ 
sible  for  all  other  particles. 
There  is  no  matter  or  obsta¬ 
cle  to  prevent  them  from 
moving  out  in  the  w  direc¬ 
tion,  and  then  on  round  the 
circumference  as  an  axis. 
Now,  what  will  hold  for  one 
section  will  hold  for  all,  as 
the  fourth  dimension  is  at 
right  angles  to  all  the  sec¬ 
tions  which  can  be  made  of 
the  sphere. 

We  have  supposed  the  matter  of  which  the  sphere  is  com¬ 
posed  to  be  three  dimensional.  If  the  matter  had  a  small 
thickness  in  the  fourth  dimension,  there  would  be  a  slight 
thickness  in  Fig.  12  above  the  plane  of  the  paper — a  thick¬ 
ness  equal  to  the  thickness  of  the  matter  in  the  fourth  di¬ 
mension.  The  rods  would  have  to  be  replaced  by  thin  slabs. 
But  this  would  make  no  difference  as  to  the  possibility  of 
the  rotation.  This  motion  is  discussed  by  Newcomb  in  the 
first  volume  of  the  American  Journal  of  Mathematics. 

Let  us  now  consider,  not  a  merely  extensible  body,  but  a 
liquid  one.  A  mass  of  rotating  liquid,  a  whirl,  eddy,  or  vor¬ 
tex,  has  many  remarkable  properties.  On  first  consideration 
we  should  expect  a  rotating  mass  of  liquid  immediately  to 
spread  off  arid  lose  itself  in  the  surrounding  liquid.  The 
water  flies  off  a  wheel  whirled  round,  and  we  should  expect 
the  rotating  liquid  to  be  dispersed.  But  we  see  the  eddies 
in  a  river  strangely  persistent.  The  rings  that  occur  in  puffs 
of  smoke  and  last  so  long  are  whirls  or  vortices  curved  round 
so  that  their  opposite  ends  join  together.  A  cyclone  will 
travel  over  great  distances. 

Helmholtz  was  the  first  to  investigate  the  properties  of 
vortices.  He  studied  them  as  they  would  occur  in  a  perfect 
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fluid — that  is,  one  without  friction  of  one  moving  portion 
or  another.  In  such  a  medium  vortices  would  be  indestruct¬ 
ible.  They  would  go  on  forever,  altering  their  shape,  but 
consisting  always  of  the  same  portion  of  the  fluid.  But  a 
straight  vortex  could  not  exist  surrounded  entirely  by  the 
fluid.  The  ends  of  a  vortex  must  reach  to  some  boundary 
inside  or  outside  the  fluid. 

A  vortex  which  is  bent  round  so  that  its  opposite  ends 
join  is  capable  of  existing,  but  no  vortex  has  a  free  end  in 
the  fluid.  The  fluid  round  a  vortex  is  always  in  motion, 
and  one  produces  a  definite  movement  in  another. 

Lord  Kelvin  has  proposed  the  hypothesis  that  portions  of 
a  fluid  segregated  in  vortices  account  for  the  origin  of  matter. 
The  properties  of  the  ether  in  respect  of  its  capacity  of  prop¬ 
agating  disturbances  can  be  explained  by  the  assumption 
of  vortices  in  it  instead  of  by  a  property  of  rigidity.  It  is 
difficult  to  conceive,  however,  of  any  arrangement  of  the 
vortex  rings  and  endless  vortex  filaments  in  the  ether. 

Now,  the  further  consideration  of  four-dimensional  rota¬ 
tions  shows  the  existence  of  a  kind  of  vortex  which  would 
make  an  ether  filled  with  a  homogeneous  vortex  motion 
easily  thinkable. 

To  understand  the  nature  of  this  vortex,  we  must  go  on 
and  take  a  step  by  which  we  accept  the  full  significance  of 
the  four-dimensional  hypothesis.  Granted  four-dimensional 
axes,  we  have  seen  that  a  rotation  of  one  into  another  leaves 
two  unaltered,  and  these  two  form  the  axial  plane  about 
which  the  rotation  takes  place.  But  what  about  these  two  ? 
Do  they  necessarily  remain  motionless?  There  is  nothing 
to  prevent  a  rotation  of  these  two,  one  into  the  other,  taking- 
place  concurrently  with  the  first  rotation.  This  possibility 
of  a  double  rotation  deserves  the  most  careful  attention,  for 
it  is  the  kind  of  movement  which  is  distinctively  typical  of 
four  dimensions. 

Rotation  round  a  plane  is  analogous  to  rotation  round  an 
axis.  But  in  three-dimensional  space  there  is  no  motion 
analogous  to  the  double  rotation,  in  which,  while  axis  1 
changes  into  axis  2,  axis  3  changes  into  axis  4. 
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Consider  a  four-dimensional  body,  with  four  independent 
axes,  x,  y ,  2,  w.  A  point  in  it  can  move  in  only  one  direction 
at  a  given  moment.  If  the  body  has  a  velocity  of  rotation 
by  which  the  x  axis  changes  into  the  y  axis  and  all  parallel 
sections  move  in  a  similar  manner,  then  the  point  will  de¬ 
scribe  a  circle.  If,  now,  in  addition  to  the  rotation  by  which 
the  x  axis  changes  into  the  y  axis  the  body  has  a  rotation  by 
which  the  2  axis  turns  into  the  iv  axis,  the  point  in  question 
will  have  a  double  motion  in  consequence  of  the  two  turn¬ 
ings.  The  motions  will  compound,  and  the  point  will  de¬ 
scribe  a  circle,  but  not  the  same  circle  which  it  would 
describe  in  virtue  of  either  rotation  separately. 

We  know  that  if  a  body  in  three-dimensional  space  is 
given  two  movements  of  rotation  they  will  combine  into  a 
single  movement  of  rotation  round  a  definite  axis.  It  is  in 
no  different  condition  from  that  in  which  it  is  subjected 
to  one  movement  of  rotation.  The  direction  of  the  axis 
changes ;  that  is  all.  The  same  is  not  true  about  a  four¬ 
dimensional  body.  The  two  rotations  x  to  y  and  2  to  w  are 
independent.  A  body  subject  to  the  two  is  in  a  totally 
different  condition  to  that  which  it  is  in  when  subject  to 
one  only.  When  subject  to  a  rotation  such  as  that  of  x  to 
2/,  a  whole  plane  in  the  body,  as  we  have  seen,  is  stationary. 
When  subject  to  the  double  rotation  no  part  of  the  body 
is  stationary  except  the  point  common  to  the  two  planes  of 
rotation. 

If  the  two  rotations  are  equal  in  velocity,  every  point  in 
the  body  describes  a  circle.  All  points  equally  distant  from 
the  stationary  point  describe  circles  of  equal  size. 

We  can  represent  a  four-dimensional  sphere  by  means  of 
two  diagrams,  in  one  of  which  we  take  the  three  axes  x,  y , 
and  z ;  in  the  other  the  axes  x,  w,  and  2.  In  Fig.  13  we  have 
the  view  of  a  four-dimensional  sphere  in  the  space  of  x  y  z. 
Fig.  13  shows  all  that  we  can  see  of  the  four  sphere  in  the 
space  of  x  y  z,  for  it  represents  all  the  points  in  that  space, 
which  are  at  an  equal  distance  from  the  center. 

Let  us  now  take  the  x  z  section,  and  let  the  axis  of  w  take 
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the  place  of  the  y  axis.  Here,  in  Fig.  14,  we  have  the  space 
of  x  z  w.  In  this  space  we  have  to  take  all  the  points  which 
are  at  the  same  distance  from  the  center,  consequently  we  have 
another  sphere.  If  we  had  a  three-dimensional  sphere,  as 
has  been  shown  before,  we  should  have  merely  a  circle  in 
the  x  z  w  space,  the  x  z  circle  seen  in  the  space  of  x  z  w. 
But  now,  taking  the  view  in  the  space  of  x  z  w,  we  have  a 
sphere  in  that  space  also.  In  a  similar  manner,  whichever 
set  of  three  axes  we  take,  we  obtain  a  sphere. 


£ 
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In  Fig.  13,  let  us  imagine  the  rotation  in  the  direction  x  y 
to  be  taking  place.  The  point  x  will  turn  to  y ,  and  p  to  p'. 
The  axis  zz'  remains  stationary,  and  this  axis  is  all  of  the 
plane  z  w  which  we  can  see  in  the  space  section  exhibited  in 
the  figure. 

In  Fig.  14,  imagine  the  rotation  from  2  to  iv  to  be  taking 
place.  The  w  axis  now  occupies  the  position  previously  oc¬ 
cupied  by  the  y  axis.  This  does  not  mean  that  the  w  axis  can 
coincide  with  the  y  axis.  It  indicates  that  we  are  looking 
at  the  four-dimensional  sphere  from  a  different  point  of 
view.  Any  three-space  view  will  show  us  three  axes,  and  in 
Fig.  14  we  are  looking  at  x  z  w. 

The  only  part  that  is  identical  in  the  two  diagrams  is  the 
circle  of  the  x  and  2  axes,  which  axes  are  contained  in  both 
diagrams.  Thus  the  plane  z,  x,  z'  is  the  same  in  both,  and 
the  point  p  represents  the  same  point  in  both  diagrams. 
Now,  in  Fig.  14  let  the  2  w  rotation  take  place,  the  2  axis  will 
turn  toward  the  point  w  of  the  w  axis,  and  the  point  p  will 
move  in  a  circle  about  the  point  x. 

28— Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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Thus  in  Fig.  13  the  point  p  moves  in  a  circle  parallel 
to  the  x  y  plane ;  in  Fig.  14  it  moves  in  a  circle  parallel  to  the 
z  w  plane,  indicated  by  the  arrow. 

Now,  suppose  both  of  these  independent  rotations  com¬ 
pounded,  the  point  p  will  move  in  a  circle,  but  this  circle 
will  coincide  with  neither  of  the  circles  in  which  either  one 
of  the  rotations  will  take  it.  The  circle  the  point  p  will 
move  in  will  depend  on  its  position  on  the  surface  of  the  four 
sphere. 

In  this  double  rotation,  possible  in  four-dimensional  space, 
there  is  a  kind  of  movement  totally  unlike  any  with  which 
we  are  familiar  in  three-dimensional  space.  It  is  a  requisite 
preliminary  to  the  discussion  of  the  behavior  of  the  small 
particles  of  matter,  with  a  view  to  determining  whether  they 
show  the  characteristics  of  fou r-di mensional  movements,  to 
become  familiar  with  the  main  characteristics  of  this  double 
rotation.  And  here  I  must  rely  on  a  formal  and  logical  assent 
rather  than  on  the  intuitive  apprehension  which  can  only 
be  obtained  by  a  more  detailed  study. 

In  the  first  place  this  double  rotation  consists  in  two  varie¬ 
ties  or  kinds,  which  we  will  call  the  A  and  B  kinds.  Con¬ 
sider  four  axes,  x,  y,  z,  w.  The  rotation  of  x  to  y  can  be  ac¬ 
companied  with  the  rotation  of  z  to  iv.  Call  this  the  A  kind. 

But  also  the  rotation  of  x  to  y  can  be  accompanied  by  the 
rotation  of  not  z  to  w,  but  w  to  z.  Call  this  the  B  kind. 

They  differ  in  only  one  of  the  component  rotations.  One 
is  not  the  negative  of  the  other.  It  is  the  semi-negative. 
The  opposite  of  an  x  to  y,  z  to  w  rotation  would  be  y  to  x, 
w  to  z.  The  semi-negative  is  x  to  y  and  w  to  z. 

If  four  dimensions  exist  and  we  cannot  perceive  them 
because  the  extension  of  matter  is  so  small  in  the  fourth 
dimension  that  all  movements  are  withheld  from  direct 
observation  except  those  which  are  three  dimensional,  we 
should  not  observe  these  double  rotations,  but  only  the 
effects  of  them  in  three-dimensional  movements  of  the  type 
with  which  we  are  familiar. 
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If  matter  in  its  small  particles  is  four  dimensional  we 
should  expect  this  double  rotation  to  be  a  universal  charac¬ 
teristic  of  the  atoms  and  molecules,  for  no  portion  of  matter 
is  at  rest.  The  consequences  of  this  corpuscular  motion  can 
be  perceived,  but  only  under  the  form  of  ordinary  rotation 
or  displacement.  Thus  if  the  theory  of  four  dimensions  is 
true  we  have  in  the  corpuscles  of  matter  a  whole  world  of 
movement  which  we  can  never  study  directly,  but  only  by 
means  of  inference. 

The  rotation  A,  as  I  have  defined  it,  consists  of  two  equal 
rotations — one  about  the  plane  of  z  w,  the  other  about  the 
plane  of  x  y.  It  is  evident  that  these  rotations  are  not  nec¬ 
essarily  equal.  A  body  may  be  moving  with  a  double  rota¬ 
tion  in  which  these  two  independent  components  are  not 
equal ;  but  in  such  a  case  we  can  consider  the  body  to  be 
moving  with  a  composite  rotation — a  rotation  of  the  A  or 
B  kind  and,  in  addition,  a  rotation  about  a  plane. 

If  we  combine  an  A  and  a  B  movement,  we  obtain  a  rota¬ 
tion  about  a  plane ;  for,  the  first  being  x  to  y  and  2  to  w, 
and  the  second  being  x  to  y  and  w  to  2,  when  they  are 
put  together  the  z  to  w  and  «i  to  2  rotations  neutralize 
each  other,  and  we  obtain  an  x  to  y  rotation  only,  which 
is  a  rotation  about  the  plane  of  z  w.  Similarly,  if  we 
take  a  B  rotation,  y  to  x  and  z  to  w,  we  get,  on  cofnbining 
this  with  the  A  rotation,  a  rotation  of  z  to  w  about  the  x  y 
plane.  In  this  case  the  plane  of  rotation  is  in  the  three- 
dimensional  space  of  x  y  z ,  and  we  have — what  has  been 
described  before — a  twisting  about  a  plane  in  our  space. 

Consider  now  a  portion  of  a  perfect  liquid  having  an  A 
motion.  It  can  be  proven  that  it  possesses  the  properties  of 
a  vortex.  It  forms  a  permanent  individuality — a  separated- 
out  portion  of  the  liquid — accompanied  by  a  motion  of  the 
surrounding  liquid.  It  has  properties  analogous  to  those  of 
a  vortex  filament.  But  it  is  not  necessary  for  its  existence 
that  its  ends  should  reach  the  boundary  of  the  liquid.  It  is 
self-contained  and,  unless  disturbed,  is  circular  in  every  sec¬ 
tion. 
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If  we  suppose  the  ether  to  have  its  properties  of  transmit¬ 
ting  vibration  given  it  by  such  vortices,  we  must  inquire  how 
they  lie  together  in  four-dimensional  space.  Placing  a  cir¬ 
cular  disk  on  a  plane  and  surrounding  it  by  six  others,  we 
find  that  if  the  central  one  is  given  a  motion  of  rotation,  it 
imparts  to  the  others  a  rotation  which  is  antagonistic 


in  every  two  adjacent  ones. 
If  A  goes  round  as  shown  by 
the  arrow,  B  and  C  will  be 
moving  in  opposite  ways,  and 
each  tends  to  destroy  the  mo¬ 
tion  of  the  other. 


Now,  if  we  suppose  spheres  to 
be  arranged  in  a  corresponding 
manner  in  three-dimensional 
space,  they  will  be  grouped  in 
figures  which  are  for  three-di¬ 
mensional  space  what  hexagons 


Fig.  15. 


are  for  plane  space.  If  a  number  of  spheres  of  soft  clay  be 
pressed  together,  so  as  to  fill  up  the  interstices,  each  will  as¬ 
sume  the  form  of  a  14-sided  figure,  called  a  tetrakaidecagon. 

Now,  assuming  space  to  be  filled  with  such  tetrakaideca- 
gons  and  placing  a  sphere  in  each,  it  will  be  found  that  one 
sphere  is  touched  by  six  others.  The  remaining  eight 
spheres  of  the  fourteen  which  surround  the  central  one  will 
not  touch  it,  but  will  touch  three  of  those  in  contact  with  it. 
Hence  if  the  central  sphere  rotates  it  will  not  necessarily 
drive  those  around  it  so  that  their  motions  will  be  antago¬ 
nistic  to  each  other,  but  the  velocities  will  not  arrange  them¬ 
selves  in  a  systematic  manner. 

In  four-dimensional  space  the  figure  which  forms  the  next 
term  of  the  series  hexagon,  tetrakaidecagon,  is  a  thirty-sided 
figure.  It  has  for  its  faces  ten  solid  tetrakaidecagons  and 
twenty  hexagonal  prisms.  Such  figures  will  exactly  fill 
four-dimensional  space,  five  of  them  meeting  at  every  point. 
If,  now,  in  each  of  these  figures  we  suppose  a  solid  four¬ 
dimensional  sphere  to  be  placed,  any  one  sphere  is  sur- 
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rounded  by  thirty  others.  Of  these  it  touches  ten,  and,  if  it 
rotates,  it  drives  the  rest  by  the  means  of  these.  Now,  if 
we  imagine  the  central  sphere  to  be  given  an  A  or  a  B  rota¬ 
tion,  it  will  turn  the  whole  mass  of  spheres  round  in  a 
systematic  manner.  Suppose  four-dimensional  space  to  be 
filled  with  such  spheres,  each  rotating  with  a  double  rota¬ 
tion,  the  whole  mass  would  form  one  consistent  system  of 
motion,  in  which  each  one  drove  every  other  one,  with  no 
friction  or  lagging  behind. 

Every  sphere  would  have  the  same  kind  of  rotation.  In 
three-dimensional  space,  if  one  body  drives  another  round, 
the  second  body  rotates  with  the  opposite  kind  of  rotation ; 
but  in  four-dimensional  space  these  fourr-dimensional  spheres 
would  each  have  the  double  negative  of  the  rotation  of  the 
one  next  it,  and  we  have  seen  that  the  double  negative  of 
an  A  or  B  rotation  is  still  an  A  or  B  rotation.  Thus  four¬ 
dimensional  space  could  be  filled  with  a  system  of  self-pre¬ 
servative  living  energy.  If  we  imagine  the  four-dimensional 
spheres  to  be  of  liquid  and  not  of  solid  matter,  then,  even  if 
the  liquid  were  not  quite  perfect  and  there  were  a  slight 
retarding  effect  of  one  vortex  on  another,  the  system  would 
still  maintain  itself. 

In  this  hypothesis  we  must  look  on  the  ether  as  possessing 
energy,  and  its  transmission  of  vibrations,  not  as  the  con¬ 
veying  of  a  motion  imparted  from  without,  but  as  a  modifi¬ 
cation  of  its  own  motion. 

We  are  now  in  possession  of  some  of  the  conceptions  of 
four-dimensional  mechanics,  and  will  turn  aside  from  the 
line  of  their  development  to  inquire  if  there  is  any  evidence 
of  their  applicability  to  the  processes  of  nature. 

Is  there  any  mode  of  motion  in  the  region  of  the  minute 
which,  giving  three-dimensional  movements  for  its  effect, 
still  in  itself  escapes  the  grasp  of  our  mechanical  theories? 
I  would  point  to  electricity.  Through  the  labors  of  Fara¬ 
day  and  Maxwell  we  are  convinced  that  the  phenomena  of 
electricity  are  of  the  nature  of  the  stress  and  strain  of  a 
medium ;  but  there  is  still  a  gap  to  be  bridged  over  in  their 
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explanation — the  laws  of  elasticity,  which  Maxwell  assumes, 
are  not  those  of  ordinary  matter.  And,  to  take  another  in¬ 
stance  :  a  magnetic  pole  in  the  neighborhood  of  a  current 
tends  to  move.  Maxwell  has  shown  that  the  pressures  on 
it  are  analogous  to  the  velocities  in  a  liquid  which  would 
exist  if  a  vortex  took  the  place  of  the  electric  current;  but 
we  cannot  point  out  the  definite  mechanical  explanation  of 
these  pressures.  There  must  be  some  mode  of  motion  of  a 
bod}^  or  of  the  medium  in  virtue  of  which  a  body  is  said  to 
be  electrified. 

Take  the  ions  which  convey  charges  of  electricity  500 
times  greater  in  proportion  to  their  mass  than  are  carried 
by  the  molecules  of  hydrogen  in  electrolysis.  In  respect  of 
what  motion  can  these  ions  be  said  to  be  electrified  ?  It 
can  be  shown  that  the  energy  they  possess  is  not  energy 
of  rotation.  Think  of  a  short  rod  rotating.  If  it  is  turned 
over  it  is  found  to  be  rotating  in  the  opposite  direction.  Now, 
if  rotation  in  one  direction  corresponds  to  positive  electricity, 
rotation  in  the  opposite  direction  corresponds  to  negative  elec¬ 
tricity,  and  the  smallest  electrified  particles  would  have  their 
charges  reversed  by  being  turned  over — an  absurd  supposi¬ 
tion. 

If  we  fix  on  a  mode  of  motion  as  a  definition  of  elec¬ 
tricity,  we  must  have  two  varieties  of  it,  one  for  positive  and 
one  for  negative  ;  and  a  body  possessing  the  one  kind  must 
not  become  possessed  of  the  other  by  any  change  in  its  po¬ 
sition. 

All  three-dimensional  motions  are  compounded  of  rota¬ 
tions  and  translations,  and  none  of  them  satisfy  this  first 
condition  for  serving  as  a  definition  of  electricity. 

But  consider  the  double  rotation  of  the  A  and  B  kinds. 
A  body  rotating  with  the  A  motion  cannot  have  its  motion 
transformed  into  the  B  kind  by  being  turned  over  in  any 
way.  Suppose  a  body  has  the  rotation  x  to  y  and  z  to  w. 
Turning  it  about  the  x  y  plane,  we  reverse  the  direction  of 
the  motion  x  to  y.  But  we  also  reverse  the  z  to  w  motion, 
for  the  point  at  the  extremity  of  the  positive  z  axis  is  now  at 
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the  extremity  of  the  negative  z  axis,  and  since  we  have  not 
interfered  with  its  motion  it  goes  in  the  direction  of  posi¬ 
tion  w.  Hence  we  have  y  to  x  and  w  to  z,  which  is  the  same 
as  x  to  y  and  z  to  w.  Thus  both  components  are  reversed,  and 
there  is  the  A  motion  over  again.  The  B  kind  is  the  semi¬ 
negative,  with  only  one  component  reversed. 

Hence  a  system  of  molecules  with  the  A  motion  would 
not  destroy  it  in  one  another,  and  would  impart  it  to  a  body 
in  contact  with  them.  Thus  A  and  B  motions  possess  the 
first  requisite  which  must  be  demanded  in  any  mode  of  mo¬ 
tion  representative  of  electricity. 

Let  us  trace  out  the  consequences  of  defining  positive 
electricity  as  an  A  motion  and  negative  electricity  as  a  B 
motion.  The  combination  of  positive  and  negative  elec¬ 
tricity  produces  a  current.  Imagine  a  vortex  in  the  ether 
of  the  A  kind  and  unite  with  this  one  of  the  B  kind.  An 
A  motion  and  a  B  motion  produce  rotation  round  a  plane, 
which  is  in  the  ether  a  vortex  round  an  axial  surface.  It 
is  a  vortex  of  the  kind  we  represent  as  a  part  of  a  sphere 
turning  inside  out.  Now,  such  a  vortex  must  have  its  rim 
on  a  boundary  of  the  ether — on  a  body  in  the  ether. 

Let  us  suppose  that  a  conductor  is  a  body  which  has  the 
property  of  serving  as  the  terminal  abutment  of  such  a  vor¬ 
tex.  Then  the  conception  we  must  form  of  a  closed  current 
is  of  a  vortex  sheet  having  its  edge  along  the  circuit  of  the 
conducting  wire.  The  whole  wire  will  then  be  like  the  cen¬ 
ters  on  which  a  spindle  turns  in  three-dimensional  space,  and 
any  interruption  of  the  continuity  of  the  wire  will  produce 
a  tension  in  place  of  a  continuous  revolution. 

As  the  direction  of  the  rotation  of  the  vortex  is  from  a 
three-space  direction  into  the  fourth  dimension  and  back 
again,  there  will  be  no  direction  of  flow  to  the  current ;  but 
it  will  have  two  sides,  according  to  whether  z  goes  to  w  or  z 
goes  to  negative  w. 

We  can  draw  any  line  from  one  part  of  the  circuit  to  an¬ 
other;  then  the  ether  along  that  line  is  rotating  round  its 
points. 
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This  geometric  image  corresponds  to  the  definition  of  an 
electric  circuit.  It  is  known  that  the  action  does  not  lie  in 
the  wire,  but  in  the  medium,  and  it  is  known  that  there  is 
no  direction  of  flow  in  the  wire. 

No  explanation  has  been  offered  in  three-dimensional  me¬ 
chanics  of  how  an  action  can  be  impressed  throughout  a 
region  and  yet  necessarily  run  itself  out  along  a  closed 
boundary,  as  is  the  case  in  an  electric  current.  But  this 
phenomenon  corresponds  exactly  to  the  definition  of  a  four¬ 
dimensional  vortex. 

If  we  take  a  very  long  magnet,  so  long  that  one  of  its 
poles  is  practically  isolated,  and  put  this  pole  in  the  vicinity 
of  an  electric  circuit,  we  find  that  it  moves. 

Now,  assuming  for  the  sake  of  simplicity  that  the  wire 
which  determines  the  current  is  in  the  form  of  a  circle, 
if  we  take  a  number  of  small  magnets  and  place  them  all 
pointing  in  the  same  direction  normal  to  the  plane  of  the 
circle,  so  that  they  fill  it  and  the  wire  binds  them  round, 
we  find  that  this  sheet  of  magnets  has  the  same  effect  on  the 
magnetic  pole  that  the  current  has.  The  sheet  of  magnets 
may  be  curved,  but  the  edge  of  it  must  coincide  with  the  wire. 
The  collection  of  magnets  is  then  equivalent  to  the  vortex 
sheet  and  an  elementary  magnet  to  a  part  of  it.  Thus,  we 
must  think  of  a  magnet  as  conditioning  a  rotation  in  the 
ether  round  the  plane  which  bisects  at  right  angles  the  line 
joining  its  poles. 

If  a  current  is  started  in  a  circuit,  we  must  imagine  vor¬ 
tices  like  bowls  turning  themselves  inside  out,  starting  from 
the  contour.  In  reaching  a  parallel  circuit,  if  the  vortex 
sheet  were  interrupted  and  joined  momentarily  to  the 
second  circuit  by  a  free  rim,  the  axis  plane  would  lie  be¬ 
tween  the  two  circuits,  and  a  point  on  the  second  circuit 
opposite  a  point  on  the  first  would  correspond  to  a  point 
opposite  to  it  on  the  first;  hence  we  should  expect  a ‘current 
in  the  opposite  direction  in  the  second  circuit.  Thus  the 
phenomena  of  induction  are  not  inconsistent  with  the  hy¬ 
pothesis  of  a  vortex  about  an  axial  plane. 
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In  four-dimensional  space  in  which  all  four  dimensions 
were  commensurable  the  intensity  of  the  action  transmitted 
by  the  medium  would  vary  inversely  as  the  cube  of  the 
distance.  Now,  the  action  of  a  current  on  a  magnetic  pole 
varies  inversely  as  the  square  of  the  distance ;  hence  over 
measurable  distances  the  extension  of  the  ether  in  the  fourth 
dimension  cannot  be  assumed  as  other  than  small  in  com¬ 
parison  with  those  distances.  This  extension  being  small, 
the  effect  of  a  vortex  sheet  would  be  equivalent  to  a  num¬ 
ber  of  jets  on  one  side  and  suctions  on  the  other. 

Such  an  arrangement  in  the  case  of  a  liquid  would  pro¬ 
duce  velocities  in  the  liquid  which  coincide  in  direction 
with  the  tendency  of  motion  of  a  magnetic  pole.  But 
analogies  of  this  kind  leave  out  of  sight  the  fact  that  the 
action  is  a  reciprocal  one.  Non-magnetic  matter  shows  no 
tendency  to  move.  To  arrive  at  a  definite  conclusion  it  will 
be  necessary  to  investigate  the  resultant  pressures  which 
accompany  the  collocation  of  solid  vortices  with  surface 
ones. 

To  recapitulate : 

The  movements  and  mechanics  of  four-dimensional  space 
are  definite  and  intelligible.  A  vortex  with  a  surface  as  its 
axis  affords  a  geometric  image  of  a  closed  circuit,  and  there 
are  rotations  which  by  their  polarity  afford  a  possible  defini¬ 
tion  of  statical  electricity. 

Note. — This  paper ,  as  originally  presented ,  was  accompanied  by  a  mathe¬ 
matical  exposition  of  the  subject  demonstrating  the  theoretical  existence  of  the 
vortices  that  are  described  and  showing  that  Hamilton’s  quaternions  represent 
the  four-dimensional  rotations  of  an  A  or  a  B  kind. 


29— Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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ON  THE  FOUNDATIONS  OF  GEOMETRY,  AND  ON 
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Henry  F.  Stecker. 


[Read  before  the  Society  January  17,  1903.]  * 


INTRODUCTION. 

The  word  geometry  is  used  here  in  its  strict  sense  as  relating 
to  the  three-dimensional  space  of  experience,  and  as  revealed 
to  us  by  logical  reasoning  based,  as  fai;  as  possible,  upon  such 
facts  in  regard  to  space  as  are  in  our  possession. 

Our  knowledge  of  space  is  limited  sharply  in  two  ways : 

(a)  It  is  inexact, f  consisting  only  of  the  crude  facts  of  ex¬ 
perience  ; 

( b )  It  is  restricted  to  a  limited  portion  of  space. 

The  geometry  of  space,  which  is  mathematically  exact, 
cannot  be  builded  on  such  a  foundation.  It  is  necessary  to 
“  idealize  ”  these  inexact  facts  of  experience ;  make  them  mathe- 
ematically  exact.  In  short,  assume  the  existence  of  mathe¬ 
matical  points,  lines,  etc. ;  the  continuity  of  space,  the  in¬ 
variance  of  the  properties  of  figures  when  displaced,  and 
many  other  things.  The  essential  thing  to  remember  is  that 
they  are  assumptions,  and  that  without  assumptions  there  is 
no  possibility  of  constructing  a  geometry. 

It  is  to  be  noticed  that  we  say  “  a  geometry  ”  and  not  “  the 
geometry,”  because  when  premises  contain  an  assumption, 

*In  the  absence  of  Dr.  Stecker  the  paper  was  read  by  Mr.  Radelfinger. 

f  This  is  necessarily  very  brief,  for  details  in  this  connection  see :  Klein, 
Nicht-Euklidsche  Geometrie,  Bd.  I,  p.  354-358.  Also,  Zur  Ersten  Ver- 
theilung  des  Lobatschewsky— Preises,  Math.  Annalen.  Bd.  50,  p.  583. 

30— Bull.  Phil.  Soc.,  Wuah.,  Vol,  14.  (205) 
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there  must  be  at  least  two  equally  valid  conclusions.  In 
brief,  mathematicians  have  long  since  learned  that  there  are 
several  systems  of  geometry,  each  consistent  with  all  the  facts 
of  experience.  Euclid’s  is  the  simplest  of  these  systems,  and 
we  use  it  because  it  is  the  simplest,  and  for  no  other  reason. 
Which  of  these  systems  is  the  true  geometry  of  our  space  we 
cannot,  in  the  nature  of  things,  know.  What  more  interest¬ 
ing  topic  than  the  study  of  this  whole  problem  ?  But  we 
can  touch  here  only  on  recent  and  important  advances  in  this 
field  of  mathematics,  giving  such  references,  in  their  proper 
connection,  as  will  enable  the  reader  to  refer  to  the  past  his¬ 
tory  of  the  subject,  should  he  so  desire. 

FOUNDATIONS  OF  GEOMETRY. 

The  question  as  to  the  necessary  and  sufficient  premises 
upon  which  geometry  may  be  constructed,  and  of  their  mu¬ 
tual  independence  and  compatibility,  is  of  vital  importance. 
Various  contributions  to  this  subject  culminated  in  1899  in 
Hilbert’s  classic*  paper,  “Grundlagm  der  Geometrie Fest¬ 
schrift  zur  Feier  der  Enthullung  des  Gauss- W eber-Denkmals 
in  Gottingen.  During  the  past  year  there  has  appeared  an 
English  f  translation.  It  was  translated  into  French  in  1900. 
Out  of  this  critical  and  fruitful  piece  of  investigation  has 
grown  all  the  recent  work  in  this  field  of  mathematics.  Two 
papers,  one  by  Schur,J  under  the  title  “Uber  die  Grundlagen 
der  Geometrie,”  and  one  by  Moore, §  on  “  The  projective 
axioms  of  Geometry  ”  have  appeared  in  the  last  year.  They 
have  attempted  (a)  to  modify  the  system  of  Hilbert  with  a 
view  to  simplicity ;  (b)  Moore  announced  in  his  paper  that 
he  had  found  a  redundancy  in  Hilbert’s  system.  In  the  cur¬ 
rent  number  of  the  Transactions  of  the  American  Mathe¬ 
matical  Society,  Moore  has  stated  that  he  was  in  error,  and 
that  the  redundancy  does  not  exist.  A  careful  comparison 

*See  pp.  1,  6,  24,  48  for  references  to  early  literature, 
t  Open  Court  Publishing  Company,  Chicago,  Ill. 
t  Math.  Annalen,  Bd.  55,  p.  265. 

\  Trans,  of  the  Ain.  Math.  Soc.,  Jan.,  1902,  vol.  3,  p.  142. 


ON  THE  FOUNDATION  OF  GEOMETRY.  207 

of  Hilbert’s  system  with  those  offered  in  its  place  leads  to 
the  conclusion  that  thus  far  it  has  withstood  all  attacks  and 
remains  not  only  apparently  sound  in  logic,  but  the  simplest  of 
such  systems  as  have  thus  far  been  constructed . 

There  has  also  appeared  recently  *  a  paper  by  F.  R.  Moul¬ 
ton  under  the  title,  “A  simple  Non-Desarguessian  Geometry,” 
which  is  important  since  the  construction  of  certain  logical 
systems  in  which  all  except  one  of  a  certain  set  of  premises 
holds,  formed  an  important  part  of  the  method  used  by  Hil¬ 
bert  in  his  paper. 

This  activity  directed  toward  and  growing  out  of  Hilbert’s 
classic  paper  turned  his  attention  again  toward  that  field  of 
work,  and  led  him  to  lecture  on  the  foundations  of  geometry 
at  Gottingen  during  the  past  year,  and  culminated  in  his 
second  great  paper  f  which  appeared  October  13  of  this  year 
under  the  title  “  Uber  die  Grundlagen  der  Geometrie.” 

In  order  to  understand  the  paper  it  is  necessary  to  recall 
that  Lie  j  had  established  a  system  of  axioms,  based  upon 
the  notion  of  a  group,  which  through  the  medium  of  his 
theory  of  transformation  groups,  were  sufficient  to  furnish  a 
foundation  for  geometry.  This  work  is  classic  and  indispen¬ 
sable  in  establishing  the  theory  of  Non-Euelidian  Geometry. 
But  it  had  a  possible  defect,  which  was  all  the  more  serious 
because  of  the  impossibility  of  avoiding  the  use  of  these  re¬ 
sults  of  Lie’s. 

Lie  assumed  that  (a)  the  functions  defining  his  groups  were 
differentiable ;  ( b )  that  the  group  of  motions  is  generated  by  in¬ 
finitesimal  transformations.  So  that  the  question  was  not 
settled  whether  or  not  these  follow  from  the  notion  of  a 
group  and  the  other  necessary  assumptions  of  geometry. 

The  problem  which  Hilbert  proposed  to  himself  was  to 
remedy  this  serious  defect,  and  is  stated  by  him  as  follows : 
“  I  have  sought  to  establish  a  system  of  axioms  for  plane  geom¬ 
etry  which  should  likewise  rest  upon  the  conception  of  a  group, 

*  Trans,  of  the  Am.  Math.  Soc.,  vol.  3,  p.  192. 

f  Math.  Annalen,  Bd.  56,  pp.  281-422. 

t  See  Theorie  der  Transformations  gruppen,  Bd.  3,  chap.  5. 


208 


STECKER. 


which  should  contain  only  simple  and  easily  overlooked  geo¬ 
metric  concepts ,  and  which  should  not  assume  the  differentia¬ 
bility  of  the  function  defining  displacements .”  The  method  of 
proof  is  different  from  Lie’s,  making  use  in  particular  of 
Cantor’s  theory  of  point-assemblages  and  of  C.  Jordan’s 
theory  that  a  continuous  closed  curve,  free  from  double 
points  divides  the  plane  into  an  inner  and  outer  region. 

Hilbert  had  earlier  *  given  the  first  nine  pages  of  this 
paper.  We  can  only  give  the  important  results  of  this  paper, 
referring  the  reader  to  the  memoir  for  proofs. 

DEFINITIONS. 

A  number-plane  means  the  ordinary  plane  with  a  rectangu¬ 
lar  coordinate  system  x,  y. 

By  a  Jordan  curve  is  understood  a  curve  free  from  double 
points  which  is  continuous  inclusive  of  its  end  points.  If 
such  a  curve  is  closed,  its  interior  is  termed  a  Jordan  region. 

A  plane  is  a  system  of  points  representable  in  a  one-valued, 
reversible  way  upon  the  points  of  a  finite  portion  of  the  num¬ 
ber-plane,  or  upon  a  certain  partial  system  of  the  same. 

We  will  term  a  point  of  the  plane  and  the  corresponding 
point  of  the  number-plane  images  each  of  the  other. 

To  every  point  A  of  our  plane  corresponds  a  Jordan  re¬ 
gion,  within  which  the  image  of  A  lies,  and  which  we  terni 
the  domain  of  the  point  A. 

For  two  points  A  and  B  of  our  plane  always  exists  a  com¬ 
mon  domain. 

A  displacement  is  a  one-valued,  reversible,  continuous 
transformation  of  the  images  of  the  points  of  the  number- 
plane  into  themselves,  such  that  the  direction  in  which  a 
closed  Jordan  curve  is  traversed  is  unaltered. 

A  displacement  by  which  a  point  M  remains  unchanged 
is  termed  a  rotation  about  M. 


*  Gottingen  Nachrichten  for  November  8,  1901,  pp.  234-241. 
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THREE  FUNDAMENTAL  AXIOMS. 

Axiom  I.  If  two  displacements  are  performed  in  order ,  the 
resulting  transformation  is  again  a  displacement ; 
or ,  briefly  stated: 

Axiom  I.  Displacements  form  a  group. 

Axiom  II.  Every  true  circle  consists  of  an  infinite  number  of 
points. 

Axiom  III.  If  there  exist  displacements  such  that  point-triples 
arbitrarily  near  to  a  point-triple  ABC  can  be 
brought  arbitrarily  near  to  the  point-triple 
A'  Br  O',  then  there  exists  a  displacement  which 
carries  the  point-triple  ABC  exactly  into  the 
point-triple  A'  B'  Cr. 

These  axioms  are  accompanied  in  the  original  by  expla¬ 
nations  which  should  be  read  in  connection  with  them  in  a 
study  of  the  subject. 

THEOREMS. 

Theorem  I.  The  true  circle  is  a  perfect  point-assemblage. 

Theorem  II.  The  points  of  a  true  circle,  if  their  order  be 
kept  fixed,  may  be  represented  in  a  reversible,  one-valued 
way  upon  the  points  of  the  periphery  of  an  ordinary  number 
circle. 

Theorem  III.  The  middle  point  M  of  a  true  circle  lies 
within  the  circle. 

Theorem  IV.  A  rotation  A,  which  leaves  fixed  a  point  A 
of  a  true  circle,  leaves  all  points  of  the  circle  fixed. 

Theorem  V.  The  group  of  all  displacements  of  a  true 
circle  into  itself,  which  are  rotations  about  its  center  M ,  is 
holohedric-isomorphic  with  the  group  of  ordinary  rotations 
of  a  number  circle,  center  M,  into  itself. 

Theorem  VI.  Every  true  circle  is  a  closed  Jordan  curve- 
The  system  of  all  true  circles  about  any  point  M  exactly 
covers  the  plane;  so  that  each  true  circle  about  M  either 
surrounds  or  is  surrounded  by  every  other  such  circle.  The 
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total  rotations  of  our  plane  about  M  are  given  by  the  trans¬ 
formation  formulae: 

£'=/  0, 2/,  w), 
y'  =  9  O,  V ,  ™), 

where  /  and  are  continuous  functions  of  the  three  variables 

2/,  w- 

Theorem  VII.  The  true  line  is  a  continuous  curve. 

Theorem  VIII.  Two  true  lines  have  at  most  one  common 
point. 

Theorem  IX.  A  true  line  cuts  every  circle  whose  center 
is  a  point  of  the  line. 

Theorem  X.  Any  two  points  of  a  plane  can  always  be 
connected  by  a  true  line. 

These  theorems  are  established  by  Hilbert  solely  upon  the 
systems  of  axioms  and  definitions  as  given. 

CONCLUSION. 

A  plane  geometry  in  which  axioms  I— III  hold  is  either 
the  Euclidian  or  Hyperbolic  geometry.  If  we  wish  to  have 
the  Euclidian  geometry  only,  we  must  add  to  axiom  I,  that 
the  group  of  displacements  must  have  an  invariant  sub¬ 
group.  This  takes  the  place  of  the  axiom  of  parallels. 

This  last  work  of  Hilbert’s  must  yet  be  extended,  by  using 
his  broader  definition  of  a  plane,  to  the  elliptic  geometry; 
also  to  space,  it  at  present  holding  only  for  the  plane  geom¬ 
etry. 

POSSIBLE  SYSTEMS  OF  GEOMETRY. 

(a)  Let  me  mention  first  a  recent  paper  of  Hilbert’s,* 
which  is  of  considerable  importance  in  non-Euclidian  geom¬ 
etry.  The  use  of  surfaces  of  constant  Gaussian  curvature 
for  the  purpose  of  interpreting  the  non-Euclidian  geometry 
leads  to  some  difficulties  in  the  hyperbolic  geometry,  owing 

*  Hilbert:  fiber  Flachen  von  Constanter  Gausseher  Krumrnung. 
Trans.  Am.  Math.  Soc.,  vol.  ii,  p.  87. 


ON  POSSIBLE  SYSTEMS  OF  GEOMETRY. 


211 


to  the  fact  that  all  known  surfaces  of  constant  negative 
curvature  have  singularities.  The  elliptic  geometry  has  its 
interpretation  upon  a  sphere,  a  surface  of  constant  positive 
Gaussian  curvature,  free  from  singularities.  Evidently,  if  a 
surface  of  constant  negative  curvature,  free  from  singulari¬ 
ties,  existed,  it  was  important  to  discover  it.  In  the  paper 
mentioned,  Hilbert  proposed  this  problem  to  himself  and, 
solved  it  in  the  negative.  He  proved  that  there  exists  no  sur¬ 
face  of  constant  negative  Gaussian  curvature  free  from  singu¬ 
larities. 

(b)  I  wish  to  call  attention  in  this  connection  to  a  matter 
that  appears  to  cause  confusion  in  regard  to  a  paper  of 
Dehn’s  *  which  appeared  some  three  years  ago. 

It  had  up  to  that  time  been  taken  as  demontsrated  that  the 
statement  11  the  sum  of  the  three  angles  of  a  plane  triangle  is 
greater ,  equal  to ,  or  less  than ,  two  right  angles ”  was  the  full 
equivalent  of  the  statement  that  “through  a  point  no ,  one  or 
two  parallels  could  be  drawn  to  a  given  line.” 

Dehn  establishes  the  existence  of  a  geometry  in  which  the 
last  statement  for  two  parallels  is  not  necessarily  true.  Much 
of  what  has  been  written  about  this  geometry  of  Dehn’s 
would,  in  my  judgment,  tend  to  the  belief  that  there  was  an 
error  in  logic  in  the  conclusions  up  to  the  time  of  Dehn’s 
discovery.  This  is  not  the  case.  The  conclusions  are  both 
sound ;  the  premises  are  different.  The  work  up  to  Dehn’s 
time  postulated  continuity  of  space ;  this  he  states  definitely 
on  page  432  of  his  article.  Hilbert  pointed  out,  in  his 
“  Grundlagen  der  Geometrie,”  the  possibility  of  a  geometry 
in  which  continuity  was  not  postulated,  and  to  this  geometry 
he  gave  the  name  “  Non- Archmedian  Geometry.”  It  is  this 
geometry  which  Dehn  investigated  under  Hilbert’s  direction. 
It  is  important  that  the  relation  of  the  postulate  of  continuity  to 
this  question  be  kept  in  mind. 

(c)  In  regard  to  non-Euclidian  properties  of  curves  and  of 
surfaces,  let  me  call  attention  to  a  paper  on  the  “  Classifica- 

x'Dehn:  Die  Legendres’ che  Satze  Uber  die  Winkelsumme  im  Dreieck. 
Math.  Annalen,  Bd.  53,  p.  405. 
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tion  of  Non-Euclidian  Quadric  Surfaces  ”  by  Mr.  Coolledge, 
of  Harvard,  read  before  the  American  Mathematical  Society 
at  New  York,  and  which  is  to  appear  in  the  transactions  of 
of  the  society;  also  to*  a  paper  of  my  own,  in  the  current 
number  of  the  American  Journal  of  Mathematics,  under  the 
title  “Non-Euclidian  properties  of  plane  cubics  and  of  their 
^first  and  second  polars,”  in  continuation  of  some  former  re¬ 
search  work.f 

(d)  In  conclusion  let  me  call  attention  to  the  important 
results  of  G.  Hamel,  a  pupil  of  Hilbert’s,  under  the  title 
“  Uber  die  Geometrien  in  denen  die  Graden  die  Ktirzesten 
Sind.”  J 

This  question  was  raised  by  Hilbert  in  a  letter  to  Klein, 
afterwards  published  in  volume  34  of  the  Mathematical  An¬ 
nals  in  the  year  1889..  Certain  types  of  such  geometries  were 
considered  by  Minkowski  in  his  “Geometrie  der  Zahlen”  in 
1896. 

Hamel  considered  the  subject  as  a  converse  problem  in 
the  calculus  of  variations. 

His  first  result  is  that  if  a  certain  direction  is  given  to  a  seg¬ 
ment,  its  length  can  always  he  represented  as  an  integral  taken 
along  that  segment: 

a?2 

I-  12  =  fg  (y,  X,  y')  dx,  jy  =  -jyj 

X1 

where  g  ( y ,  x,  yr)  is  in  general,  within  the  domain  considered, 
finite  and  continuous,  and  possesses  first  and  second  deriva¬ 
tives  with  regard  to  all  three  arguments. 

The  matter  does  not  require  that  g  taken  from  to  x2  along 
a  segment  is  the  same  as  taken  from  x2  to  xx  along  the  same 
segment,  so  that  starting  at  a  certain  point,  passing  to  +  oo, 
and  returning  through  —  oo  along  the  curve,  g  may  not  re¬ 
turn  to  its  original  value. 

*Am.  Journal  of  Math.,  vol.  xxiv,  p.  399. 

t  Am.  Journal  of  Math.,  vol.  xxii,  p.  31. 

t  Gottingen  Thesis. 
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The  strong  (weak)  monodromie  axiom  is  said  to  be  fulfilled  if 

(J/JQ  _ 

after  such  a  circuit  9  (ds  —  \Zdx2  -j-  dyl  >  0)  returns  ( does 

not  return)  to  its  original  value. 

Applying  Lagrange’s  equation,  Legendre’s  and  Weier- 
strass’  conditions  for  a  minimum  in  the  calculus  of  variations 
to  the  integral  I,  the  distance  comes  out  in  the  form : 


(2)  12  —  (  -----  C sin  (ft  —  r)  w  ( tan  r,  y  —  x  tan  r)  dr  -j-  u  (x%  y2) 

%/  COS  ‘Cr 

Xi  #o 

—  u(x ,  y,) 


where  ft—p,  and  w  is  an  arbitrary  function. 

Applying  to  the  integral  (2)  the  condition  that  the  strong- 
monodromie  axiom  shall  hold  and  reducing,  we  find : 

# 

l2f  =  .j* sin  (ft  —  r)  wdr. 

1? - IT 


A  consideration  of  the  Weierstrassian  function  in  the  neces¬ 
sary  conditions  that  integral  I  be  a  minimum  shows  that  if 
we  take  w,  the  simplest  possible — i.  e.,  equal  to  l — that  we 
have: 

■& 

J* sin  (ft  —  t)  wdr  =  2, 

&  —  jt 

and  hence  12  =  ds. 

This  characterizes  the  Euclidian  geometry,  whence  the 
important  conclusion: 

From  the  standpoint  of  the  calculus  of  variations,  the  Euclid¬ 
ian  geometry  is  the  simplest  possible. 

If  we  take  the  function  w  as  depending  only  upon  the 
first  argument  tan  r,  we  obtain  the  geometry  established  by 
Minkowski  in  his  “  Geometric  der  Zahlen.” 


31— Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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The  geometry  of  Hilbert,*  which  lies  within  a  closed  every¬ 
where  convex  curve,  and  in  which  distance  is  defined  by : 


12  =  log 


foi  —  ^i)  fa  ~  ^2) 

—  ^1)  Oh  —  vj 


where  and  v2  are  the  fixed  intersections  of  the  line  with  the 
closed  curve,  is  obtained  by  placing: 


w  (p,  y  —  px)  = 


9b2  I 


where  after  differentiation  b  is  to  be  replaced  by  y — px. 

Evidently  many  geometries  can  be  obtained  by  proper 
choice  of  the  function  w  ( p ,  y  — px),  and  the  author  considers 
several  interesting  cases  which  we  cannot  enter  into  here. 

The  function  w  may  have  singularities  and  a  consideration 
of  these  leads  to  the  important  theorem : 

If  w  has  a  singularity  such  that  over  it  the  length  remains 
finite  and  determinate,  then  the  straight  line  still  remains  the 
shortest  distance. 

This  is  followed  by  a  consideration  of  the  singularities  of 
iv,  after  which  this  plane  geometry  is  generalized  for  space. 

Since  this  problem  is  really  a  problem  in  the  calculus  of 
variations,  let  me  state  in  conclusion  an  important  theorem, 
given  on  the  last  page  of  the  memoir: 

The  problem  of  the  calculus  of  variations  remains  invariant 
under  every  transformation ,  and  indeed  not  only  do  Lagrange 
equations  transform  into  Lagrange  equations ,  but  sufficient  con¬ 
ditions  for  a  minimum  remain  fulfilled. 

It  is  true  that  a  certain  determinant  must  not  vanish,  and 
that  accompanying  conditions  in  the  form  of  differential 
equations  may  be  adjoined. 


Ithaca,  N.  Y.,  December  16,  1902. 


*“  fiber  die  gerade  Linie  als  kiirzeste  Verbindung  zweier  Punkte.” 
Math.  Ann.,  Bd.  34.  « 


APPLICATION  OF  MATHEMATICS  IN  METEOR¬ 
OLOGY. 


BY 

Professor  Frank  H.  Bigelow, 
U.  S.  Weather  Bureau. 


[Read  before  the  Society  January  17, 1903.] 


There  are  three  processes  which  are  generally  essential 
for  the  complete  development  of  any  branch  of  science,  and 
they  must  be  accurately  applied  before  the  subject  can  be 
considered  to  be  satisfactorily  explained.  The  first  is  the 
discovery  of  a  mathematical  analysis,  the  second  is  the  dis¬ 
cussion  of  numerous  observations,  and  the  third  is  a  correct 
application  of  the  mathematics  to  the  observations,  including 
a  demonstration  that  these  are  in  agreement.  As  a  matter 
of  fact,  however,  the  history  of  science  shows  that  there  has 
been  great  difficulty  in  the  course  of  the  working  out  of  new 
problems  to  bring  this  about  satisfactorily.  Sometimes  the 
theory  is  in  advance  of  the  observations,  as  in  Maxwell’s 
theory  of  electricity  and  magnetism.  Again,  the  observa¬ 
tions  are  in  advance  of  the  theory,  as  in  solar  physics  and 
terrestrial  magnetism.  Often  a  good  theory  is  misapplied 
to  good  observations,  or  good  observations  are  explained  by  a 
poor  theory.  Whenever  any  of  these  unfortunate  procedures 
take  place,  the  progress  of  science  is  retarded.  When  a  good 
theory  is  misapplied,  there  must  follow  it  a  searching  criti¬ 
cism  and  all  things  must  be  rebuilt  from  the  foundations. 
Thus  the  Ptolemaic  cycles  and  epicycles  were  good  as  theor}^ 
for  a  geocentric  solar  system,  but  the  Copernican  and  the 
Newtonian  theories  could  be  applied  to  Kepler’s  observations 
only  by  a  complete  destruction  of  the  ancient  astronomy. 
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There  is  perhaps  no  branch  of  modern  science  which  has 
suffered  more  severely  than  meteorology  by  the  misapplica¬ 
tion  of  good  mathematics  to  good  observational  data.  Of 
course  in  this  case,  as  in  other  instances,  the  observations, 
while  good  so  far  as  they  went,  did  not  sufficiently  cover  the 
field  of  research,  so  that  it  was  possible  to  propagate  theories 
which  apparently  harmonized  with  the  observations  then  at 
hand.  Thus,  for  more  than  half  a  century  the  atmospheric 
observations  were  confined  to  the  surface  of  the  earth  or  to 
the  very  lowest  layers  of  the  air.  It  is  only  within  ten  years 
that  the  upper-air  observations  have  been  made  in  sufficient 
numbers  to  fix  our  attention  upon  the  true  circulation  of  the 
great  currents  of  air  in  the  general  cyclone,  and  in  the  local 
cyclones  and  anticyclones.  The  data  obtained  by  the  cloud 
computations,  or  by  the  balloon  and  kite  ascensions,  have 
made  it  possible  to  examine  critically  the  existing  theories, 
with  the  unfortunate  result  that  nearly  the  entire  range  of 
general  theory  of  the  circulation  of  the  atmosphere  must  be 
pronounced  a  misfit.  Had  the  modem  observations  been  in 
the  hands  of  Professor  Ferrel  or  Professor  Oberbeck,  it  is 
hardly  possible  that  they  would  have  written  as  they  did. 
Indeed,  there  are  probably  very  few  scientific  theories  which 
have  had  a  wide  acceptance,  against  which  such  grave  and 
intractable  objections  exist  as  against  the  vertical  convection 
theory  of  the  origin  of  storms  by  Espy,  which  derives  the 
source  of  the  energy  expended  in  cyclones  from  the  local 
condensation  of  aqueous  vapor  and  the  setting  free  of  the 
equivalent  latent  heat.  It  is  not  my  purpose  to  review  this 
subject  in  detail,  as  that  has  been  done  elsewhere,  but  I 
wish  to  summarize  the  mathematical  state  of  the  problem  in 
a  few  words,  and  to  indicate  the  direction  in  which  the  great 
theories  of  meteorology  will  probably  be  reconstructed. 

LOCAL  CYCLONES  AND  ANTICYCLONES. 

(1)  Speaking  generally,  the  problem  of  cyclones  has  been 
treated  as  independent  of  that  of  the  general  circulation. 
Local  sources  of  heat  to  form  an  ascending  central  column 
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of  air  as  the  generating  energy  of  the  cyclonic  vortices  have 
been  assumed,  quite  apart  from  the  great  excess  of  tempera¬ 
ture  in  the  tropical  zones  which  produces  the  general  vortex 
covering  a  hemisphere.  Ferrel  assumed  that  the  hemi¬ 
spherical  vortex  and  the  local  vortex  are  similar  in  struc¬ 
ture,  but  quite  independent  of  each  other  in  the  sources  of 
their  energy.  He  drew  a  bounding  surface  around  a  mass 
of  air  warm  or  cold  at  its  center,  as  the  case  might  be,  and 
discussed  the  resulting  vortex.  The  laboratory  confirmed 
the  derived  circulation  by  placing  water  in  a  cylindrical 
vessel  rotating  as  a  whole  about  a  vertical  axis,  the  central 
portions  being  heated  or  cooled,  or  else  having  a  vertical 
central  current  produced  mechanically.  There  was  no  math¬ 
ematical  objection  to  the  Ferrel  vortex  itself,  nor  to  the  lab¬ 
oratory  experiment,  until  it  was  attempted  to  match  these 
results  with  the  observed  atmospheric  facts.  Meteorologists 
who  were  in  anyways  critical  have  found  such  difficulty  in 
accounting  for  the  local  supply  of  central  heat  as  to  be  quite 
doubtful  about  the  value  of  Espy’s  source  of  energy,  and  this 
was  reluctantly  adopted  by  Ferrel  himself.  The  Weather 
Bureau  Observations  of  1896-97  traced  out  the  stream  lines 
of  circulation  with  sufficient  exactness  to  terminate  this  part 
of  the  discussion,  by  showing  that  in  the  local  cyclones  and 
anticyclones  the  air  does  not  circulate  as  the  Ferrel  vortex 
requires.  Hence,  we  conclude  that  FerreFs  application  of 
mathematical  analysis  to  the  explanation  of  cyclonic  obser¬ 
vations  is  not  satisfactory.  This  eliminates  a  long  section 
from  the  literature  of  meteorology. 

(2)  The  German  school  of  meteorologists  began  with  an¬ 
other  type  of  vortex  motion,  having  also  a  beautiful  mathe¬ 
matical  analysis,  depending  upon  a  local  overheated  central 
column.  Here,  again,  the  objections  are  prohibitory,  first  as 
to  the  origin  of  the  cyclonic  heat  for  vertical  convection,  and, 
second,  as  to  the  nonconformity  of  the  observed  stream  lines 
with  the  theoretical  vortex.  These  two  types  of  vortices  are 
entirely  distinct  from  each  other :  FerreFs  has  a  cylindrical 
bounding  surface,  a  zero  velocity  where  the  direction  of  gyra- 
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tion  vanishes,  and  stream  lines  continuous  within  the  same 
mass  of  liquid ;  the  German  vortex  has  no  outer  boundary, 
but  a  circumscribed  inner  region  with  vertical  velocity 
increasing  as  the  height,  an  outer  region  with  no  vertical 
component,  and  a  maximum  velocity  at  the  separation  of 
these  two  regions.  One  may  frequently  observe  the  German 
vortex  in  snow  or  dust  whirls,  when  the  currents  of  air  are 
sharply  deflected  by  walls  and  adjacent  buildings.  It  is 
necessary,  therefore,  also  to  exclude  the  German  vortex  from 
modern  meteorology,  and  this  removes  another  large  chapter 
from  its  literature.  Fortunately,  the  treatment  of  the  tornado 
vortices  has  been  substantially  correct,  but  meteorology  must 
make  a  fresh  start  with  the  theory  of  cyclones  and  anti¬ 
cyclones.  A  series  of  suggestions  can  be  found  on  this 
subject  in  my  recent  reports  as  to  the  kind  of  work  required ; 
but  the  task  is  one  of  great  difficulty,  and  it  may  require 
much  labor  to  finish  it. 

THE  GENERAL  CYCLONE. 

The  history  of  the  theory  of  the  general  cyclone  is  very 
similar  to  that  of  the  local  cyclone.  There  exist  two  great 
analytic  discussions,  Ferret’s  and  Oberbeck’s,  and,  while  they 
have  much  in  common,  the  results  partially  contradict  each 
other  and  they  are  only  in  partial  agreement  with  the  obser¬ 
vations.  In  the  case  of  the  general  circulation  the  analysis 
and  the  observed  conditions  harmonize  better  than  in  that 
of  the  local  cyclone,  and  it  is  therefore  necessary  simply  to 
improve  the  details  of  the  analysis,  although  the  general 
circulation  is  really  not  so  simple  as  is  called  for  by  that 
theory.  To  illustrate  briefly,  Ferrel  derives  a  very  powerful 
eastward  movement  at  the  poles  and  a  vanishing  motion  at 
the  equator,  while  Oberbeck  reverses  this  conclusion.  Ferrel 
and  Oberbeck  make  a  powerful  northward  component  in  the 
upper  strata  of  the  atmosphere  and  a  strong  southward  com¬ 
ponent  at  the  ground ;  but  observations  show  that  a  very 
feeble  poleward  component  is  flowing  in  the  upper  air,  and 
that  in  the  lower  air  a  series  of  irregular  currents  pass  each 
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other  on  the  same  levels  instead  of  above  one  another  at  dif¬ 
ferent  levels.  The  canal  theory  found  a  laboratory  experi¬ 
ment  to  match  it  by  heating  water  at  one  end  of  a  long  box, 
when  the  resulting  motion  apparently  satisfied  the  mathe¬ 
matical  analysis,  though  that  was  before  the  international 
observations  were  made.  The  reconstruction  process  is  quite 
simple  in  conception,  but  intricate  in  its  details.  For  the  local 
vertical  central  convection  current  is  substituted  a  general 
system  of  horizontal  currents  flowing  from  the  tropics  and 
polar  zones  respectively  into  the  middle  zones.  For  the 
general  canal  theory  of  the  overflowing  strata  is  substituted 
a  counterflow  of  currents  in  the  lower  strata,  and  on  the  same 
levels.  The  cyclones  and  anticyclones  are  due  to  the  inter¬ 
action  of  these  horizontal  currents  of  air  of  different  temper¬ 
atures,  which  transport  the  enormous  energy  derived  from 
the  solar  radiation  in  the  tropics,  and  expend  it  in  raising 
the  air  in  the  polar  zones  to  a  higher  temperature,  the 
cyclones  being  the  mechanical  products  of  this  thermo¬ 
dynamic  process.  The  observed  stream  lines  and  the  com¬ 
puted  isobars  in  the  higher  levels  point  to  this  view  in  the 
most  positive  manner,  and  it  is  itself  in  harmony  with  the 
requirements  of  thermodynamics  as  well  as  hydrodynamics, 
assuming  a  type  of  engine  which  is  constituted  like  that  of 
an  atmosphere  heated  in  the  equatorial  regions  of  a  rotating 
globe.  Unfortunately  for  meteorology,  from  this  statement 
it  now  appears  to  be  necessary  to  reconstruct  a  great  portion 
of  the  old  theory  of  the  general  cyclone,  and  to  reject  entirely 
the  theories  which  have  been  proposed  to  explain  local 
cyclones  and  anticyclones. 

The  reversal  of  important  scientific  researches  in  the  pro¬ 
gress  of  investigation  is  so  common  in  the  history  of  science, 
that  it  brings  no  discredit  upon  students  who  have  explained 
matters  according  to  the  data  in  their  possession.  Indeed, 
Lord  Kelvin  considers  it  to  be  a  “point  of  honor”  to  make 
such  reversals  for  one’s  self  in  the  interests  of  perfect  scien¬ 
tific  truth,  and  he  has  set  the  world  an  illustrious  example 
of  this  highminded  candor  and  self-effacement.  Thus,  a  half 
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century  ago  he  regarded  the  ether  as  subject  to  gravitation, 
but  he  now  treats  it  as  a  substance  outside  the  law  of  gravi¬ 
tation.  He  developed  his  famous  theory  of  the  atoms  con¬ 
sisting  of  the  ether  isolated  in  dynamic  vortices,  but  now 
regards  this  idea  as  untenable  and  has  taken  up  again  the 
old  Lucretian  mass  atom  as  most  likely  to  prove  correct.  In 
his  presidential  address  of  1893  he  gave  an  example  to  show 
that  the  sun  and  the  earth  have  no  causal  magnetic  connec¬ 
tion,  but  it  is  understood  that  he  now  thinks  that  the  ob¬ 
served  synchronism  between  the  variations  of  the  solar 
faculae,  spots,  and  prominences  on  the  one  hand,  and  the  ele¬ 
ments  of  the  terrestial  magnetic  field  on  the  other,  is  so  per¬ 
sistent  as  to  make  it  necessary  to  reverse  that  conclusion. 
The  influence  of  an  apparently  valid  result  of  the  discussion 
of  observations  by  a  scientist  of  undoubted  ability,  fortified 
by  a  powerful  mathematical  treatment,  sometimes  turns  aside 
the  advance  of  knowledge  into  a  wrong  path,  and  this  may 
even  stop  for  a  time  all  further  efforts  to  solve  the  problem. 
Such  failures,  of  course,  should  be  reckoned  as  only  the  profit 
and  loss  in  the  book-keeping  of  research,  and  such  temporary 
checks  must  not  be  taken  too  seriously. 

THE  THEORY  OF  LEAST  SQUARES  IN  METEOROLOGY. 

Professor  Schuster  has  recently  urged  upon  meteorologists 
the  importance  of  submitting  their  researches  to  the  analysis 
of  the  Fourier  series,  and  the  theory  of  least  squares,  in  order 
to  test  properly  the  periodicities  derived  from  the  observa¬ 
tions,  and  he  has  illustrated  his  views  by  applying  his  pe- 
riodogram  or  probability  curve  to  check  the  various  periods 
that  have  been  derived  for  the  solar  rotation.  Fourier’s 
Theorem  has  already  been  widely  used  by  meteorologists 
to  express  many  of  the  periodic  functions  observed  in  the 
atmosphere,  and  some  prefer  this  method  to  the  numerical 
or  the  graphic  methods,  in  spite  of  its  great  additional  labor. 
Astronomers  and  Physicists  have  used  the  probability  theo¬ 
rem  freely  and  with  valuable  results,  but  only  in  certain 
restricted  classes  of  observations.  This  theorem  requires 
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that  the  events  shall  be  independent  of  each  other ,  and  if  this 
criterion  fails,  then  the  entire  process  is  invalid.  Thus,  the 
independent  observations  on  a  star’s  place,  the  separate 
measures  of  a  physical  quantity  in  the  laboratory,  and  such 
like  matters,  may  be  tested  for  probable  accuracy  by  this 
method.  The  distribution  of  all  the  waves  emitted  by  a 
black  body  at  a  given  temperature  T  being  according  to  the 
law  of  errors,  this  may  be  computed  as  a  probability  curve, 
since  the  normal  energy  gives  a  spectrum  curve  with  lines 
of  variable  intensity  for  the  several  independent  wave  lengths. 
In  the  kinetic  theory  of  gases,  the  several  independent  veloc¬ 
ities  which  inhere  in  the  moving  molecules  may  be  tested 
for  their  respective  intensities  wdien  the  total  kinetic  energy 
of  the  mass  is  known.  Suppose,  now,  one  proposes  to  apply 
that  theorem  to  the  events  recurring  in  the  circulation  of  the 
earth’s  atmosphere,  such  as  the  temperature  changes,  the 
variations  of  the  pressure  in  cyclones,  or  the  observed  condi¬ 
tions  of  the  aqueous  vapor  as  vapor  tension  or  precipitation 
at  a  given  station.  What  reason  is  there  to  assume  that 
these  elements  as  they  occur  from  day  to  day  are  independent 
of  each  other?  The  pressure,  temperature,  and  vapor  tension 
at  a  station  are  in  fact  the  results  of  a  very  complex  circula¬ 
tion  which  passes  over  a  station  as  the  effect  of  conflicting 
currents  flowing  from  the  polar  and  the  tropical  zones,  due 
to  the  incessant  struggle  of  the  elements  toward  equilibrium 
in  this  thermodynamic  medium.  We  have  to  deal  with  no 
single  system  of  independent  events,  as  the  waves  in  a  nor¬ 
mal  energy  spectrum,  or  the  molecular  velocities  in  a  gas  of 
given  energy,  but  there  are  many  series  of  interdependent 
events  inextricably  interwoven.  It  is  seldom  that  the  me¬ 
teorologist  has  a  pure  series  of  events  to  work  with,  as  the 
astronomer  or  the  physicist  has  in  many  of  his  observations, 
and  that  is  why  the  meteorologist  has  a  peculiarly  difficult 
task,  and  why  it  is  late  on  the  field  as  a  perfect  science. 
Nevertheless,  these  problems  are  most  fascinating,  and  they 
will  probably  in  the  future  engage  more  of  the  attention  of 
astrophysicists  and  of  mathematical  physicists,  because  they 

32— Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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afford  concrete  examples  of  the  most  profound  questions  in 
theoretical  physics. 

THE  THEORY  OF  LEAST  SQUARES  IN  SOLAR  PHYSICS. 

When  we  come  to  solar  physics  the  case  is  even  more 
troublesome.  There  we  have  at  an  enormous  distance  from 
us  an  immense  mass  of  seething  matter  at  very  high  temper¬ 
atures.  From  observations  on  the  surface  phenomena  of  the 
sun,  the  inference  is  inevitable  that  all  the  intractable  con¬ 
ditions  which  on  the  earth  render  it  difficut  to  apply  the 
probability  theorem  are  there  multiplied  in  their  complexity. 
The  recurrences  of  the  spots,  faculse,  and  prominences  on  the 
surface  of  the  sun  are  simply  resulting  products  of  very  com¬ 
plex  processes  going  on  in  the  interior,  and  in  the  circulation 
attendant  upon  the  readjustments  of  its  thermal  equilibrium. 
If  the  solar  radiation  falling  on  the  earth’s  tropical  zones 
produces  the  observed  complex  circulation  of  the  atmos¬ 
phere  with  its  interdependent  current  systems,  how  much 
more  should  this  be  true  in  the  sun’s  circulation.  By  so 
much  more  will  it  be  impractical  to  apply  correctly  the 
least-square  theorems  or  the  potential  theorem,  as  Professor 
Schuster  has  attempted  to  do  in  various  ways.  We  must 
for  the  present,  until  the  true  nature  of  the  physical  prob¬ 
lem  is  understood,  approach  the  solution  by  more  simple, 
practical  methods.  It  only  paralyzes  the  efforts  of  students 
to  have  negative  results  derived  from  mathematical  analysis 
laid  down  as  decisive,  and  the  only  effect  is  to  hinder  such 
advances  as  can  properly  be  made  by  the  simpler  graphical 
or  numerical  methods.  Take,  for  example,  the  rotation 
period  of  the  sun,  which  has  been  determined  many  times 
from  the  recurrence  of  various  terrestrial  and  solar  events. 
On  the  surface  of  the  sun  we  observe  a  synodic  period  of 
26.68  days  at  the  equator,  a  longer  period  of  27.30  days  at 
latitude  12°,  and  still  longer  periods  at  higher  latitudes  up 
to  35°,  beyond  which  the  movement  is  unknown.  There  is 
evidence  that  the  period  varies  also  in  altitude  as  well  as  in 
latitude.  Now,  several  periods  in  the  terrestrial  field  have 
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been  announced  to  be  about  25.80  days — that  is,  one  day 
shorter  than  the  period  observed  at  the  solar  equator, 
which  is  the  smallest  period  that  can  be  seen  on  the  surface 
of  the  sun.  Is  it  probable  that  at  the  earth  the  angular 
velocity  should  be  much  larger  than  the  greatest  vis¬ 
ible  on  any  part  of  the  photosphere?  We  may  note 
in  regard  to  the  several  discussions  of  this  subject  that 
the  relative  motion  of  the  earth’s  atmosphere,  which  car¬ 
ries  with  it  the  thunderstorms,  the  aurora,  and  the  elec¬ 
tric  potential,  has  not  been  eliminated  from  the  computed 
periods.  This  should  de  done,  and  it  would  result  in  length¬ 
ening  the  25.80-day  period  considerably.  Several  of  these 
solutions  have  been  executed  by  least-square  methods  in  one 
form  or  another,  and  the  fact  that  there  has  been  a  general 
*  failure  to  come  to  any  agreement  as  to  the  true  period  of  the 
sun’s  rotation  influenced  me  to  employ  a  simple  computation 
and  tabular  exhibit  of  the  facts,  which  would  exhibit  the 
periodic  events  as  they  occur.  On  laying  down  the  azimuth 
angles  of  the  deflecting  vectors  of  the  earth’s  magnetic  field  in 
long  tables,  a  marked  periodic  phenomena  became  evident, 
and  it  persisted  through  the  series  of  15  years  over  which 
the  work  was  extended.  Now,  while  it  was  easy  to  note 
the  general  features  of  this  periodic  action  and  to  mark  the 
dates  of  transition  in  azimuth,  the  periodic  recurrence  was 
attended  in  general  by  an  irregular  sliding  backward  and 
forward  through  short  intervals  on  both  sides  of  the  mean, 
causing  a  lap  of  a  day  or  two  on  each  side  of  the  average 
periodic  time.  The  actual  dates  were  marked  down,  an 
approximate  period  and  epoch  was  assumed,  the  system  of 
residuals  was  determined  between  the  observed  and  computed 
dates,  and  then  the  adjustment  of  the  assumed  period  and 
epoch  was  made  by  least  squares.  It  is  undoubtedly  proper 
to  apply  least  squares  to  these  data.  This  unsteady  action 
in  the  26.68-day  period  is  like  that  occurring  in  the  11-year 
sun-spot  period,  which  has  similar  irregularities,  some  indi¬ 
vidual  periods  being  longer  and  some  shorter  than  the  aver¬ 
age,  but  from  these  one  can  compute  the  mean  period,  as 
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Professor  Newcomb  has  recently  done  by  the  same  least- 
square  process.  Now,  in  the  case  of  the  resulting  26.68-day 
rotation  period  there  is  a  further  complexity  to  be  considered. 
The  intensity  curve  is  not  simple,  but  it  is  one  having  several 
crests  about  three  days  apart,  and  this  shows  that  the  solar 
output  is  very  unsteady  in  longitude  as  well  as  in  latitude. 
If  this  curve  is  developed  quite  loosely  in  longitude  and  the 
crests  move  back  and  forth,  as  is  natural  in  that  congested 
struggling  medium,  then  there  is  a  tendency  for  the  crests 
of  the  curve  in  one  period  to  fall  upon  the  corresponding 
hollows  in  another  period,  and  thus  the  maxima  and  the 
minima  neutralize  each  other.  The  result  of  this  fluctuating 
action  is  that  there  is  an  excessive  waste  in  the  summation 
of  the  numerical  matter,  whether  by  the  graphic  or  the 
periodogram  methods,  and  the  inference  that  no  average 
period  exists  is  a  misapplication  of  the  logical  conclusions 
that  should  be  made.  If,  then,  a  fixed  period  is  adopted? 
and  the  least-square  theorems  are  rigidly  applied  as  if  the 
events  were  simply  independent  and  recurring  at  random,  a 
a  negative  result  will  certainly  be  obtained.  Hence,  it  is 
evident  that  one  should  be  very  cautious  in  the  application 
of  mathematical  analysis  to  the  observations  of  solar  physics 
generally,  and  negative  results  will  have  very  little  critical 
value  unless  this  has  been  done.  It  may  be  well  to  point 
out  in  this  connection  that  the  11-year  period  of  solar-spot 
formation  is  confined  to  the  middle  latitudes  of  the  sun,  from 
+  50°  to  —  50°,  and  that  both  polar  regions  are  quite  free 
from  this  special  periodic  phenomenon.  This  result  was  ob¬ 
tained  from  the  discussion  of  the  Italian  observations  on  the 
solar  prominences,  which  in  the  middle  zones  have  the  same 
11-year  period  as  the  spots  and  the  faculaB,  but  do  not  con¬ 
tinue  with  this  period  into  the  polar  latitudes.  That  fact 
suggests  that  too  much  emphasis  may  have  been  laid  upon 
the  11-year  synchronism  in  discussing  these  solar-terrestrial 
problems.  On  the  other  hand,  have  found  a  3-year  cyclic 
recurrence  which  is  more  characteristic  of  the  entire  surfaec 
of  the  sun,  and  this  short  cycle  has  been  shown  to  exist 
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simultaneously  in  the  terrestrial  magnetic  field,  and  in  the 
pressure  and  temperature  variations,  and  hence  in  the  cir¬ 
culation  of  the  atmosphere  generally.  It  is  quite  likely  that 
we  shall  find  in  this  short  cycle  more  evidence  of  synchronism 
between  solar  and  terrestrial  events  than  in  any  other  period 
that  has  been  examined. 

In  conclusion,  we  may  observe  that  profound  mathematical 
analysis  does  not  guarantee  that  the  simple  law  inherent  in 
the  physical  conditions  observed  has  been  secured.  There 
are  enough  failures  of  that  kind  to  make  one  suspicious,  be¬ 
cause  it  often  happens  that  the  mathematical  symbolic  lan¬ 
guage  of  the  equations  obscures  the  implied  thought,  which 
is  in  itself  simple,  such  as  might  first  be  brought  out  by 
graphical  methods.  Also,  it  is  evident  that  negative  results 
have  very  inferior  weight  when  they  proceed  from  intricate 
discussions,  if  the  observations  naturally  bear  another  sig¬ 
nification,  for  the  unsuspected  secrets  of  nature  still  contain 
surprises  to  man’s  inquiring  reason. 
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INTRODUCTION. 


The  value  of  an  analytic  complex  function  F  (a;)  can  be 
calculated,  for  all  values  of  x  within  a  simply  connected 
domain  C  containing  no  singular  point,  by  Cauchy’s  inte- 
gral. 


F(x)  =  ^—.  C  Z1& 

2  *  i  J  c  — 


F  (c)  dc 
x 


(i) 


But  if  instead  we  employ  the  corresponding  form  of  Tay¬ 
lor’s  theorem — 


F  (x)  F  (a)  +  F"'(a) 


x  —  a  + 


(2) 


we  are  limited  to  values  of  x  lying  within  a  circle  described 
about  a  and  passing  through  the  nearest  singular  point.  In 
order,  therefore,  to  reach  all  points  of  the  domain  Gy,  we  must 
resort  to  prolongation  by  means  of  a  series  of  intersecting 
circles  of  convergence.  That  such  prolongation  is  possible 
shows  that  an  analytic  function  is  completely  determined 
by  its  initial  value  and  that  of  its  successive  derivatives  at 
an  analytic  point  a,  and  suggests  the  possibility  of  obtaining 
a  development  depending  only  on  the  elements 

F  (a),  Fa)  (a),  .  .  .  F(n)  (a)  .  .  .  (3) 

and  independent  constants,  which  development  would  be 
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valid  throughout  the  domain  of  existence  of  the  function— 
that  is,  throughout  C. 

Several  notable  advances  have  been  recently  made  in  the 
solution  of  this  general  problem,  and  of  these  I  shall  give  a 
orief  review. 

Borel*  in  1896  deduced  the  following  expression: 

FK(x)  =  Lim  «-*  1  *1  [>  («)  +  (x-a) 

k~co  A=  o  l_  LL 

F(2)  ( a )  1  1 

+ . j"2  ~  0  ~  a)2 . ^  (x  ~  J 

for  FK  (a),  which  converges  within  a  region  K,  which  is  a 
polygon  circumscribing  the  circle  of  convergence  of  the 
corresponding  Taylor’s  development,  and  therefore  includes 
a  larger  region,  and  is,  theoretically,  a  step  in  advance. 

Mittag-Leffler. — By  far  the  most  important  results  are  due 
to  G.  Mittag-Leffler,  and  these  have  appeared  in  four  separate 
memoirs  or  “  notes  ”  f  in  his  journal,  the  Acta  Mathematica, 
and  which  will  be  referred  to  as  the  first,  second,  third,  and 
fourth  notes  respectively. 

First  Note — In  this  first  note  Mittag-Leffler  defines  a  re¬ 
gion,  A,  termed  a  star,  which  can  be  constructed  by  taking 
an  analytic  point  a  in  the  x  plane  and  drawing  vectors  from 
a  through  all  nonanalytic  points;  if  the  portions  of  the 
vectors  lying  beyond  and  including  these  points  be  excluded 
the  star  A  will  remain. 


*  Fondements  de  la  tlieorie  des  series  divergentes  sommables.  Jour¬ 
nal  de  Mathematiques,  series  5,  tome  2,  1896,  pp.  103-122. 

t  Premiere  Note. — Sur  la  Representation  Analytique  d’une  Branche 
Uniforme  d’une  Function  Monogene  (Acta  Mathematica,  1899,  tome  23, 
pp.  43-62). 

Seconde  Note. — Same  title  as  above  (Acta  Mathematica,  1900,  tome  24, 
pp.  183-204). 

Troisieme  Note. — Same  title  as  above  (Acta  Mathematica,  1900,  tome 
24,  pp.  205-244). 

.Quatrieme  Note. — Same  title  as  above  (Acta  Mathematica,  1902,  tome 
26,  pp.  353-391). 
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A  representation  of  the  branch  FA  (x)  is  obtained  in  the 
form  of  an  infinite  series  of  polonomials 

FA  (x)  =  Z  (x)  (5) 

M  =  0 

(x)  =  Zv  C ?  Fv  (a)  (x  —  a)v  (6) 

the  coefficients  C *  being  independent  of  the  choice  of  Fv  (a), 
and  may  be  given  a  variety  of  forms  all  consistent  with  the 
convergence  of  the  expression  (5)  within  the  star  A.  The 
method  employed  in  deducing  the  expression  (5)  consists 
in  extending  the  function  backward  from  x  to  a  along  a 
vector  by  means  of  a  series  of  n  intersecting  circles  of  con¬ 
veyance  of  equal  radii.  To  reach  all  parts  of  the  star  A, 
limit  n—oo. 

A  very  simple  form  for  the  coefficients  C\ *  is  obtained  by 
Mittag-Leffler  which  gives  a  development  of  the  form 

FA  (x)  —^Z n (x)  =  gn  (x)  (7) 

V-  =  0 


n2  n* 

(*)  -  S  2  . 

=  O  =  0 


«2n 

2 


F{a) 


Al  +  Ao  . 


It  is  pointed  out  that  instead  of  prolonging  the  functions 
along  a  vector  passing  through  a,  a  family  of  non-intersect¬ 
ing  curves  may  be  employed. 

Fixed  Curve.— It  may  be  of  interest  to  note  in  passing  that  by 
choosing  a  fixed  curve  in  the  x  plane  surrounding  a  singular 
point  it  is  possible  to  pass  completely  around  an  isolated  sin¬ 
gular  point  any  number  of  times  and  obtain  a  development 
of  F(x)  valid  for  all  points  of  the  curve  and  in  terms  of  a 
real  parameter.* 

When  a  circle  of  radius  R  with  its  center  at  the  origin  is 
chosen  as  the  fixed  curve  we  obtain  the  expression 


*  Bulletin  American  Mathematical  Society,  Vol.  8,  page  15. 


33— Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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>b  (x)  —  2  f  .  . 

Xj  =  0  Ao  =  0 


F  ( R ,  0) 


Ai  4-  Aj  .  .  .  4-  An 


Aj  +  A2 


+  An 


10 
( e  n 


i) 


Ai  4"  Aj> 


+  Ar 


[(n  —  1)  Ai  4-  (w  — 2)  Aj  4- 


+  An  _  j 


which  may  be  employed  in  the  calculation  of  the  coefficients 
of  substitution  of  a  function  in  the  neighborhood  of  an  essen¬ 
tial  singularity. 

Second  Note. — In  his  second  note  G.  Mittag-Leffler  points 
out  that  when  the  development  (5)  is  written  in  the  form 


FA  0) 


A  1  =  0 


F(a) 


Ai  4  Ao  ...  4*  A 


Ai  4* 


it  may  be  regarded  as  an  n  times  infinite  series,  which  for 
n  =  1  is  identical  with  Taylor’s  series  and  for  finite  values 
of  n  converges  within  stars  inscribed  within  the  star  A.  He 
further  shows  that  Taylor’s  series  has  one  property  not  com¬ 
mon,  in  general,  with  (10),  in  that  Taylor’s  development 
diverges  for  all  values  outside  of  a  circle  passing  through 
the  nearest  singular  point,  hence  it  may  be  said  to  have  a 
circle  of  convergence,  while  the  expression  (10)  for  n>3  may 
converge  for  values  outside  of  the  corresponding  inscribed 
star,  hence  cannot  be  said  to  have  a  star  of  convergence.  In 
order  to  derive  an  expression  having  a  star  of  convergence  for 
all  values  of  n,  it  is  necessary  to  place  a  restriction  on  the 
coefficients  C*  in  (5).  A  special  case  is  worked  out  in  which 
the  coefficients  are  made  to  depend  on  an  arbitrary  param¬ 
eter;  the  resulting  expansion  has  a  star  of  convergence 
and  for  n  —  1  reduces  to  Taylor’s  expansion. 

Third  Note. — In  his  third  note  Mittag-Leffler  derives  other 
prolonomial  expansions  having  a  star  of  convergence ,  by  per¬ 
forming  a  transformation 


Z—a=(x  —  a)f(ula)  (11) 


(9) 

n 


■  •  +  An 

(10) 


on  a  Taylor’s  development, 
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The  generating  function  /  {ula)  is  to  a  large  extent  arbi¬ 
trary  and  depends  on  an  arbitrary  constant  «  the  value  of 
which  determines  the  domain  of  convergence  of  the  resulting 
development.  Mittag-Leffler  confines  himself  in  this  paper 
to  investigating  several  cases  in  which  it  can  be  expressed 
as  a  definite  integral  and  considers  in  detail  the  case 


/(“/«)  = 
in  which 


H 


/:[G±9'-0*  <12> 


H 


du 

u 


(13) 


Fourth  Note. — In  his  fourth  note  Mittag-Leffler  deduced  ex¬ 
pressions  for  the  branch  A  (#)  by  the  employment  of  integrals 
around  a  complex  contour  analogous  to  Cauchy’s  integral. 
He  starts  with  the  integral 


1  /.F[q+(s-q)/  (>/.)]  (»\%+1dv  (14) 

2*  ij  y—u  \y) 

c 

where 

*=/(“/«),«  =  /(tt/l),  M  <R,R>1 

u  —  o,  v  =  o  ;  u—  1,  i?  =  1. 

He  shows  that  by  making  a  suitable  choice  of  /  {V  /  a )  many 
developments  analogous  to  those  discussed  in  his  former 
notes  may  be  obtained,  and  arrives  at  general  results  which 
include  those  of  Borel’s  first  paper  as  a  special  case.  The 
relation  of  his  wrork  to  that  of  Abel  is  also  shown,  thereby 
making  this  fourth  note  an  appropriate  contribution  to  the 
memoirs  published  in  commemoration  of  the  centennial  of 
the  birth  of  Abel.  Mittag-LefHer’s  first  note  has  attracted 
much  attention  and  his  results  have  been  criticised,  extended, 
and  applied  by  a  large  number  of  mathematicians.  Com¬ 
plete  references  to  original  sources  of  publication  of  these 
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papers  will  be  found  in  the  foot-notes  of  Mittag-Leffier’s  last 
two  notes. 

One  of  the  most  extensive  and  important  of  these  papers 
is  due  to  Borel.*  I  refrain  from  going  into  details  concern¬ 
ing  this  paper  since  the  results  thereof,  as  well  as  those  of 
Mittag-Leffler’s  first  note,  are  now  very  accessible  in  Borel’s 
book.f 

Conclusion. — An  attempt  has  been  made  by  Dr.  Moulton,  of 
Chicago,  to  apply  Mittag-Leffler’s  results  to  the  lunar  theory. 
In  a  synopsis  of  Moulton’s  paper,!  which  was  read  before  the 
American  Association  and  to  my  knowledge  has  not  as  yet 
been  published,  it  is  stated  that  expansions  representing  the 
moon’s  coordinates  were  constructed  which  converge  for  a 
predetermined  length  of  time ;  but  the  labor  of  constructing 
such  series  is  very  great  and  the  constants  therein  cannot  be 
readily  determined  from  observations  of  the  moon.  How¬ 
ever,  this  need  not  discourage  us  in  expecting  practical  re¬ 
sults,  since  Mittag-Leffler’s  papers  show  that  convergent  series 
of  polynomials  can  be  constructed  in  many  ways  which 
permit  a  large  range  of  choice  for  the  arbitrary  constants,  so 
useful  developments  may  yet  be  determined  by  direct  meth¬ 
ods  which  will  play  as  important  a  part  in  the  mathematics 
of  the  future  as  the  well-known  expansions  in  terms  of 
spherical  harmonics  have  in  the  past. 

*Sur  les  Series  de  Polynomes  et  Fractions  Rationnelles,  Acta  Mathe- 
matica,  tome  24,  page  307. 

fLecons  sur  Series  Divergent  (Ganthier-Villars,  1901). 

X  Bulletin  of  the  American  Mathematical  Society,  vol.  IX,  pages  98-99. 


A  NEW  AND  ABRIDGED  METHOD  OF  FINDING 
THE  LOCUS  OF  GEOGRAPHICAL  POSITION 
AND  THE  COMPASS  ERROR. 

BY 

G.  W.  Littlehales. 

[Read  before  the  Society  October  10,  1903.] 


To  make  an  intelligent  introduction  of  the  solution  which 
is  to  be  disclosed,  it  will  be  of  advantage  to  set  forth  briefly 
some  principles  that  are  well  recognized  among  navigators 
and  geographers.  Defining  the  sub-celestial  place  of  any 
body  in  the  firmament  as  the  point  of  intersection  with  the 
surface  of  the  earth  of  a  straight  line  drawn  from  the  celes¬ 
tial  body  to  the  center  of  the  earth,  it  will  be  evident  that 
the  geographical  position  of  the  sub-celestial  place  is  in  a 
latitude  equal  to  the  declination  of  the  celestial  body  and  in 
a  longitude  equal 
to  the  hour-angle 
of  the  celestial 
body  from  the 
prime  meridian, 
and  that  the  celes¬ 
tial  bod}^  is  in  the 
zenith  of  the  sub¬ 
celestial  place. 

In  figure  1  take 
A  to  be  the  sub¬ 
celestial  place  of  a 
celestial  body 
whose  declination 
is  equal  to  the  lat¬ 
itude  of  A  and  Figure  1. 


34 — Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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whose  hour-angle  at  Greenwich  is  equal  to  the  longitude  of 
A  west  of  the  meridian  of  Greenwich,  and  B  to  be  any  point 
on  the  surface  of  the  earth  whose  great-circle  distance  from 
A  is  z ;  then  to  an  observer  at  B  the  zenith  distance  of  the 
celestial  body  in  the  zenith  of  A  will  also  be  z;  and,  as  B 
may  lie  in  any  direction  from  A,  it  follows  that  the  zenith 
distance  of  the  celestial  body  will  be  the  same  to  an  observer 
situated  at  any  point  on  a  small  circle  of  the  earth  whose 
pole  is  the  sub-celestial  place  and  whose  circumference  is 
everywhere  distant  from  the  sub-celestial  place  by  a  great- 
circle  arc  equal  to  the  zenith  distance.  Therefore  if  a  navi¬ 
gator,  having  measured  the  altitude  of  a  celestial  body, 
should  obtain  its  zenith  distance,  he  is  certain  that  at  the 
instant  of  observation  his  geographical  position  is  some¬ 
where  upon  the  circumference  of  such  a  small  circle.  In 
practical  navigation  the  ship’s  position  as  given  by  dead¬ 
reckoning  always  limits  the  portion  of  the  circumference 
upon  which  an  observer  can  possibly  be  to  such  a  small  arc 
that,  if  laid  down  upon  any  chart  projection,  it  will  not  differ 
sensibly  from  a  straight  line.  Such  a  straight  line  is  called 
a  Sumner  line,  and,  for  the  same  reason  that  the  tangent  to 
the  circumference  of  a  circle  at  any  point  is  at  right  angles 
to  the  radius  drawn  to  that  point,  it  possesses  the  property 
of  being  at  right  angles  to  the  true  bearing  of  the  celestial 
body  upon  whose  zenith  distance  it  depends. 

Reverting  to  figure  1,  let  E  represent  the  estimated  geo¬ 
graphical  position  of  the  observer  at  the  time  when  the 
altitude  is  measured  which  gives  the  zenith  distance  z, 
equal  to  AB.  If  the  observer  should  compute  or  by  an y 
other  means  deduce  the  great-circle  distance  EA  and  the 
bearing  of  A  from  E  (which  represent  respectively  the 
zenith  distance  and  azimuth  of  the  celestial  body  as  they 
would  appear  to  an  observer  at  E),  the  portion  of  the  small 
circle  BB'  B"  B//r,  which  represents  the  actual  Summer  line 
of  position,  could  at  once  be  laid  down  on  the  navigating 
chart,  for  it  would  be  at  right  angles  to  the  bearing  of  the 
observed  celestial  body  and  removed  from  the  estimated 
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geographical  position  by  a  perpendicular  distance  equal  to 
the  difference  in  minutes  of  arc  between  the  observed  and 
deduced  zenith  distance,  and  toward  the  direction  of  the 
observed  celestial  body  or  away  from  it,  according  as  the 
zenith  distance  obtained  by  observational  measurement  is 
less  or  greater  than  the  zenith  distance  deduced  by  depend¬ 
ence  on  the  estimated  geographical  position. 

This  process  of  finding  the  Sumner  line  has  come  into 
current  use  among  many  navigators  under  the  name  of  the 
New  Navigation,  and  the  present  practice  is  to  compute  the 
zenith  distance  and  the  azimuth  of  the  observed  celestial 
body  in  the  following  manner : 

A  latitude  and  longitude  having  been  assumed  within  the 
extreme  limits  of  both  as  given  by  the  dead  reckoning,  from 
the  G.  M.  T.,  as  known  from  the  chronometer,  the  hour-angle 
of  the  observed  celestial  body,  to  an  observer  situated  in  this 
assumed  geographical  position,  is  now  calculated  from  the 
formulae : 

L.  M.  T.  =  G.  M.  T .  ±  the  assumed  longitude  expressed  in 
time,  the  upper  sign  being  used  when  the  longitude  is  east 
and  the  lower  sign  when  it  is  west  of  Greenwich ; 
and  then  when  the  sun  is  the  observed  body: 

Sun’s  hour-angle  =  L.  M.  T.dt  the  equation  of  time  ; 
and  for  any  other  celestial  body : 

Star’s  hour-angle  =  L.  M.  T.  +  R.  A.  Mean  Sun  —  R.  A. 
Star. 

With  this  hour-angle  and  the  two  including  sides  of  the 
astronomical  triangle,  viz.,  the  assumed  co-latitude  of  the 
observer  and  the  known  polar  distance  or  co-declination  of 
the  observed  celestial  body,  the  opposite  side  of  the  triangle, 
which  is  the  zenith  distance  or  co-altitude  of  the  celestial 
body,  is  computed  from  the  formulae  : 
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•  •  •  (1) 

in  which  x  —  an  auxiliary  angle, 
t  —  the  hour-angle, 

L  —  the  latitude, 
d  —  the  declination, 
and  z  =  the  zenith  distance  ; 

and  the  true  bearing,  or  angle  opposite  the  side  of  the  astro¬ 
nomical  triangle  representing  the  polar  distance,  is  computed 
from  the  formula : 

sin  Az .  —  sin  t  cos  d  cosec  z  (2). 

There  are  superior  qualities  attached  to  this  method  of 
finding  the  Sumner  line,  because  it  may  be  used  in  any  cir¬ 
cumstances  so  long  as  the  altitude  of  the  observed  celestial 
body*does  not  greatly  exceed  80°,  and  the  results  obtained 
have  been  demonstrated  to  possess  an  enhanced  probability 
of  accuracy.  The  present  purpose,  however,  is  not  to  dis¬ 
cuss  these  advantages  which  have  been  expounded  by  writers 
upon  the  subject  of  the  new  navigation,  but  to  disclose  a 
short  and  simple  process  of  finding  the  zenith  distance  and 
azimuth  without  the  aid  of  the  extended  computations  indi¬ 
cated  by  the  formulse  just  referred  to,  and  so  to  provide  for 
the  practice  of  a  method  of  finding  the  line  of  position  and 
the  compass  error  by  inspection, 

Figure  2  represents  a  stereographic  projection  of  the  celes¬ 
tial  sphere  on  the  plane  of  the  meridian. 

If  the  latitude  of  the  observer  be  laid  off  along  the  bound¬ 
ing  meridian  at  L,  and  the  declination  of  the  observed  celes- 


,V,2 


t 


sin*  y  =  s^n2  ~2  cos  L  cos  d  sec  (L — 
cos  z  =  cos  (L  —  d)  cos  x 
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tial  body  be  laid 
off  at  M  along  a 
meridian  making 
an  angle  with  the 
bounding  merid¬ 
ian  equal  to  the 
hour-angle  of  the 
observed  celestial 
body,  an  astro¬ 
nomical  triangle 
will  be  formed  in 
which  the  known 
parts  are  the  two 
sides  PL  and  PM, 
representing  re¬ 
spectively  the  co¬ 
latitude  and  co- 
declination,  and  their  included  angle  LPM,  which  is  the 
hour-angle  of  the  observed  celestial  body.  Two  of  the  un¬ 
known  parts  of  this  triangle  are  the  azimuth,  PLM,  and  the 
co-altitude,  LM,  of  the  observed  celestial  body.  If  the  tri¬ 
angle,  PLM,  were  revolved  about  the  central  point  of  the 
projection,  with  the  side,  PL,  kept  in  coincidence  with  the 
bounding  meridian  until  the  point  L  is  brought  to  the  posi¬ 
tion  of  the  point  P,  the  latter  would  then  occupy  the  position 
P',  and  the  point  M  would  fall  at  M',  so  that  the  unknown 
side  of  the  triangle,  representing  the  co-altitude,  would  lie 
along  some  meridian,  and  could  be  measured  from  the  grad¬ 
uation  of  the  projection,  and  the  unknown  angle,  repre¬ 
senting  the  azimuth,  would  become  an  included  angle  be¬ 
tween  two  meridians,  wdiich  could  likewise  be  measured  from 
the  graduations  of  the  projection  ;  and  thus  the  altitude  and 
azimuth  of  any  observed  celestial  body  could  be  simultane¬ 
ously  determined  from  the  diagram  with  any  degree  of  pre¬ 
cision  that  the  scale  of  the  projection  might  permit.  To 
obviate  the  necessity  for  actual  revolution  of  the  triangle,  as 
described  above,  a  series  of  equally  spaced  concentric  cir- 


P 


S 


Figure  2. 
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cumferences  and  a  series  of  equally  spaced  radial  lines  have 
been  drawn  over  the  projection  in  lines  of  dashes.  For  the 
purpose  of  identification,  the  overlaid  system  of  concentric 
circumferences  is  numbered  serially  from  the  center  of  the 
projection  outward  to  the  bounding  meridian,  and  the  radials 
are  also  marked  by  numbers  indicating  their  angular  dis¬ 
tance  in  minutes  of  arc  counted  in  a  clockwise  direction 
from  some  fixed  origin,  like  the  line  OS ;  so  that,  having 
plotted  the  declination  and  hour-angle  of  the  observed  celes¬ 
tial  body  at  M,  it  is  only  necessary  to  note  the  number  of 
the  circumference  and  the  number  of  the  radial  which  pass 
through  this  position,  and  then,  adding  the  co-latitude  ex¬ 
pressed  in  minutes  to  the  number  of  the  radial,  find  the 
intersection,  M',  of  the  noted  circumference  with  the  radial 
whose  number  is  the  sum  just  found,  and  read  off  from  the 
graduated  arcs  of  the  projection  the  altitude  and  azimuth 
of  this  point  of  intersection. 

In  order  that  the  required  results  may  be  found  to  the 
nearest  minute  of  arc,  the  stereographic  projection  is  being 
constructed  with  a  diameter  of  twelve  feet ;  but  this  in  one 
continuous  sheet  will  obviously  be  of  unmanageable  size  for 
ordinary  use,  and  will  be  changed  to  convenient  form  by 
being  cut  up  into  the  overlapping  sections  which  form  the 
pages  of  a  book.  In  this  form  the  projection  can  be  used 
with  the  same  facility  as  if  preserved  in  one  continuous  sheet; 
for  it  has  been  pointed  out  that  in  effecting  the  required  solu¬ 
tion  only  those  parts  of  the  projection  are  involved  which  lie 
in  the  immediate  vicinity  of  the  points  whose  coordinates 
are  to  be  plotted  or  read  off. 

To  complete  the  illustration  of  the  method  it  will  be  suffi¬ 
cient  to  treat  one  example,  inasmuch  as  the  process  of  solu¬ 
tion  is  identical  in  every  case. 

EXAMPLE. 

At  sea,  April  2,  1902,  about  6h  35m  p.  m.,  in  latitude  39° 
16'  N.  and  longitude  60°  00'  W.  by  estimation.  Observed 
a  Aurigse,  bearing  N.  60°  W.  per  compass,  to  be  in  altitude 
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66°  29'  25"  with  the  observer's  eye  at  a  height  of  31  feet 
above  the  sea-level  and  the  index  correction  of  the  sextant 
—  V  30".  Chronometer  time  of  observation,  6h  28m  34®  ; 
chronometer  slow  on  G.  M.  T.,  4h  2m  18.2s.  Required  the 
Sumner  line  of  geographical  position  and  the  total  error  of 
the  compass. 

Preparation  of  the  Data. 


c.  — 

6h  28m 

34“ 

Observed  Alt.  =66°  29'  25" 

c.  c.  = 

+  4 

02 

18.2 

I.  C.  —  1 

30 

G.  M.  T.  = 

10 

30 

52.2 

66  27 

55 

Estimated  Long.  = 

4 

00 

00 

W.  Dip  =  5 

29 

Estimated  L.  M.  T.  = 

6 

30 

52.2 

66  22 

26 

R.  A.  M.  sun  — 

0 

41 

30.0 

Ref.  *=  0 

26 

7 

12 

22.2 

True  Alt.  =66°  22/ 

R.  A.  a  Aurigse  = 

5 

09 

28.2 

Hour-angle  — 

2 

02 

54  = 

=  30°  43/  30" 

From  the  Nautical  Almanac, 

for  Greenwich  date  of  observation,  April  2d,  10h,  30m,  528.2  =  April  2d  .44  : 

R.  A.  M.  sun  =0h  41m  309.03 
R.  A.  a  Aurigse  —  5  09  28.2 

Dec.  a  Aurigse  =  45°  53'  56".  6  N. 

NOTE. 

Plotting  the  declination  and  hour-angle  roughly  with  reference  to  the  parallels 
and  meridians  ( counted  from  the  left-hand  hounding  meridian)  of  the  Index  to 
Plates,  we  find  that  the  position  of  the  observed  body  falls  on  plate  51  approxi¬ 
mately  at  the  intersection  of  circumference  17.4  with  radial  8400,  and  adding  to 
8400  the  co-latitude  expressed,  in  minutes,  which  is  3044,  we  find  the  approximate 
place  of  the  revolved  position  to  be  at  the  intersection  of  circumference  17.4  with 
radial  8400  +  3044  =  11444,  which  intersection  falls  within  the  limits  of  plate 
136.  Turning  now  to  plate  51  and  plotting  the  hour-angle  and  the  declination 
to  the  nearest  minute ,  we  find  the  position  of  the  observed  body  to  fall  at  the  in¬ 
tersection  of  circumference  495.6  with  radial  8410.1.  Adding  the  co-latitude 
expressed  in  minutes  to  the  number  of  this  radial  we  obtain  8410.1  -j-  3044  = 
11454.1  as  the  number  of  the  radial,  at  whose  intersection  with  circumference 
495.6,  on  plate  136,  the  solution  is  to  be  found  by  reading  off  the  altitude  with 
reference  to  the  parallels  and  the  azimuth  with  reference  to  the  meridians  count¬ 
ing  from  the  right-hand  bounding  meridian. 
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Solution. 


Hour-angle  —  30°  43£'. . Circ.  495.6 

Declination  =  +  45  54  _ _ _ Rad.  8410.1 


Lat.  N.  39°  16'  =  Co.  Lat.  50°  44'  =  . . .  3044. 

Rad.  11454.1  66°  36'  altitude. 

Circ.  495.6  N.  63  32  W.  azimuth. 

True  altitude  by  observa¬ 
tion  =  .... . .  66°  22' 

Altitude  due  to  estimated 
position . . . . .66  36 

A A.............  .........  14' 


f  lid 


True  bearing - ...  N.  63°  32'  W. 

Compass  bearing. . .  N.  60  00  W. 

Total  error  of  com¬ 
pass  for  heading  of 
ship=  ..........  3®  32'  W. 

when  observation 
was  made. 


Figure  3. 
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The  altitude  represented  as  having  been  measured  in  the 
foregoing  problem  is  subject,  like  all  other  observed  altitudes 
that  navigators  are  accustomed  to  take  for  the  purpose  of 
fixing  a  position,  to  the  uncertainties  introduced  into  instru¬ 
mental  measurement  by  the  extraordinary  deflection  of  the 
rays  of  light  coming  from  the  horizon,  which  frequently  oc¬ 
curs  in  every  part  of  the  world  to  such  an  extent  as  to  produce 
a  displacement  of  the  horizon  of  large  magnitude,  extend¬ 
ing  to  five,  ten,  and  even  fifteen  minutes  of  arc ;  and  perhaps 
among  the  greatest  advantages  that  may  be  claimed  for  the 
foregoing  method  of  solution  is  the  facility  with  which  it 
lends  itself  to  a  deduction  of  Wirtz’*  locus  of  geographical 
position  by  constant  difference  of  altitude,  which  is  found 
by  comparing  the  measured  difference  of  altitude  of  two 
observed  celestial  bodies  with  their  difference  of  altitude  as 
deduced  by  the  foregoing  method  of  finding  altitude  by 
inspection.  Such  a  line  of  position  is  free  from  the  usual 
uncertainties  in  the  dip  of  the  horizon  caused  by  abnormal 
refraction,  as  well  as  from  the  additional  uncertainties  of 
the  height  of  the  eye,  the  index  correction  of  the  sextant, 
the  want  of  parallelism  in  the  mirrors,  and  to  the  errors  of 
defective  centering  of  the  sextant. 

A  point  of  this  horizon-free  line  of  position,  as  well  as  its 
azimuth  may  be  speedily  deduced  by  the  method  already 
described,  as  will  be  seen  from  the  following  example : 

At  sea,  September  26,  1899,  in  estimated  geographical 
position  3°  40'  south  and  32°  34'  west  of  Greenwich  : 


Chronom¬ 

eter. 

Star. 

Measured 

altitude. 

Difference  of 
altitude. 

R.  A. 

Dec. 

h.  m.  s. 

18  45  45 

19  7  12 

a  Arietis  . . . 
a  Canis  Maj. 

38°  5'.0  1 
56  7  .3  f 

A  h=  -f  17°2'.8 

h.  m.  a. 

2  1  33 

7  34  4 

+  22°  59/.5 
+  5  29.0 

*Ausdem  Archiv  der  Deutschen  Seewarte  xxv  Jargang,  1902.  “Ueber 
eine  neue  kimmfreie  astronomiseke  Standlinie,”  von  Dr.  Phil.  Carl  W. 
Wirtz,  Observator  der  Kaiserlichen  Sternwarte  in  Strassburg. 


35— Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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Chronometer  slow  on  Greenwich  mean  time,  2  minutes 
39  seconds. 

The  hour-angle  of  aArietis  is  4-  2h  59m  17*,  or  44°  49'  15" 
W.,  and  we  are  enabled  to  find  by  inspection  that  a  body  in 
this  hour-angle  with  a  declination  of  4-  22°  59'.5  must  be  in 
altitude  38°  48'.5  and  azimuth  N.  57°  W.,  to  an  observer  in 
the  stated  geographical  position. 

The  hour-angle  of  a  Canis  Major  is  2h  llm  24s,  or  32°  51' 
E.,  and  we  are  enabled  to  find  by  inspection  that  a  body  in 
this  hour-angle  with  a  declination  4-5°  29'  must  be  in  alti¬ 
tude  55°  56'.2  and  azimuth  N.  74°  E.  to  an  observer  in  the 
stated  geographical  position. 

The  difference  between  these  two  deduced  altitudes  is  17° 
7'.7,  and  this  subtracted  from  the  measured  difference  of 
altitude  set  down  in  the  statement  of  the  problem  gives  the 
means,  when  taken  in  connection  with  the  two  deduced 
azimuths,  of  reducing  the  estimated  place  of  observation  to 
a  point  on  the  required  line  of  position  by  means  of  the 
following  formula : 

7  .  d  A  h  A*  4-  Ax  A2  —  A, 

(U  =  ~~2~  sec-  V  sec-  ~l~2 — 1  C0SGC-  — ~ — 9 — - 

in  which  d  A  =  the  difference  of  longitude  between  the  as¬ 
sumed  geographical  position  and  the  re¬ 
quired  point  of  the  line  of  position. 

d  A  h~  the  difference  of  the  two  differences  of  alti¬ 
tude  as  found  by  measurement  and  by 
inspection. 

<p  =  the  latitude  of  the  assumed  geographical 
position. 

and  Ax  and  A2  —  the  respective  azimuths  of  the  observed 
bodies. 
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-~=  —  2'.45  % .  0.389m 

?  =  —  3°  40'  sec .  0.001 

—  —\—  188°.5  &?.  sec .  0.005m 

=  _  1140.5  ig,  cosec .  o.041m 

log  (d  A) . .# _ .....  0.43671 


Having  performed  this  computation,  we  find  the  value  of 
dx  to  be  — 2'.7,  which  applied  to  — 32°  34',  the  longitude 
of  the  assumed  geographical  position,  becomes  32°  36'.7, 
which  is  the  longitude  of  a  point  of  the  horizon-free  line  of 
position.  The  latitude  of  this  point  is  the  same  as  the  lati¬ 
tude  of  the  assumed  or  estimated  geographical  position. 
The  coordinates  of  the  required  point  of  the  line  of  position 
are  therefore  <p  =  —  3°  40',  X  =  —  32°  36'.7.  The  azimuth 
of  this  line  of  position  will  be  the  mean  of  the  azimuths  of 
the  two  observed  stars,  which  in  this  case  is  188°.5,  counting 
from  north  through  east,  south,  and  west. 

Obviously,  if  the  two  differences  of  altitude  be  measured — 
i.  e.f  if  three  different  stars  have  been  observed  in  quick  suc¬ 
cession — two  lines  of  position  will  be  obtained,  and  their 
intersection  is  the  true  geographical  position  of  the  observer. 

The  formula  that  has  been  employed  for  reducing  the 
estimated  geographical  position  of  the  observer  to  the  line 
of  position  or  locus  of  constant  difference  of  altitude,  by 
computing  the  difference  of  longitude  between  the  two 
points,  is  most  appropriate  in  all  cases  in  which  the  mean 
A  _i_  A 

azimuth  —i~- — l-  lies  between  315°  and  45°  and  between 

Jj 

135°  and  225°. 

When  the  mean  azimuth  lies  outside  these  limits,  or,  in 
other  words,  when  it  lies  between  45°  and  135°  and  between 
225°  and  315°,  it  is  better  to  reduce  the  estimated  geograph¬ 
ical  position  to  a  point  on  the  required  line  of  position  by 
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computing  the  difference  of  latitude  between  the  two  points 
in  accordance  with  the  following  formula : 


,  d  A  h 

a  (f  = - o —  cosec. 


^2  + 

2 


cosec. 


COURSES  AND  DISTANCES  IN  GREAT-CIRCLE  SAILING. 

In  figure  2,  if  L  be  taken  to  represent  the  latitude  of  the 
point  of  departure  laid  off  along  the  bounding  meridian  and 
M  the  latitude  of  the  point  of  destination  laid  off  along  a 
meridian  making  an  angle  with  the  bounding  meridian 
equal  to  the  difference  of  longitude  between  the  point  of 
departure  and  the  point  of  destination," then  the  length  of 
the  side  LM  of  the  spherical  triangle  PLM  will  be  the  great- 
circle  distance  between  the  point  of  departure  and  the  point 
of  destination,  and  the  angle  PLM  will  be  the  initial  course 
for  a  vessel  proceeding  along  the  great-circle  track  between 
L  and  M.  It  will  therefore  be  apparent  that  the  course  and 
distance  in  great-circle  sailing  may  be  found  with  very  great 
facility  by  the  method  of  solution  which  has  just  been 
described. 


TO  FIND  THE  NAME  OF  AN  OBSERVED  STAR. 

Frequently  a  star  that  is  favorably  placed  for  observation 
cannot  be  identified  because  clouds  obscure  the  surrounding 
parts  of  the  sky.  If,  when  the  altitude  of  such  a  star  is 
measured,  its  compass  bearing  be  observed,  and  the  approxi¬ 
mate  true  azimuth  be  obtained  by  correcting  the  bearing  for 
the  variation  and  deviation  of  the  compass,  the  identity  of 
the  star  may  at  once  be  ascertained  by  reversing  the  order 
of  proceeding  that  has  been  described  for  finding  the  alti¬ 
tude  and  azimuth  from  the  declination  and  hour-angle — 
that  is,  having  plotted  the  corrected  altitude  of  the  star  on 
the  meridian  of  the  projection  which  makes  an  angle  with 
the  right-hand  bounding  meridian  equal  to  the  star’s  azi¬ 
muth  counted  from  the  north  pole,  note  the  number  of  the 
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radial  and  the  number  of  the  circumference  that  pass  through 
the  point  so  plotted,  and,  haying  subtracted  the  co-latitude 
of  the  place  of  observation  expressed  in  minutes  from  the 
number  of  the  noted  radial,  find  the  intersection  of  the  noted 
circumference  with  the  radial  whose  number  is  the  remain¬ 
der  thus  found  by  subtraction,  and  read  from  the  gradua¬ 
tions  of  the  projection  the  declination  of  this  point  and  its 
hour-angle  from  the  left-hand  bounding  meridian.  The 
hour-angle  of  the  observed  star  thus  found  must  be  converted 
into  right  ascension  by  the  following  rule : 

From  the  local  mean  time  of  observation  and  the  star’s  hour- 
angle ,  to  find  the  star’s  right  ascension.  To  the  right  ascension 
of  the  mean  sun  (or  sidereal  time,  American  Nautical  Alma¬ 
nac,  page  ii,  last  column ;  also  British  Nautical  Almanac, 
page  ii,  last  column),  corrected  for  the  Greenwich  mean  time 
of  observation,  add  the  local  mean  time  of  observation.  The 
result  will  be  the  local  sidereal  time  of  observation.  If  star 
is  east  of  the  meridian,  add  its  hour-angle  to  the  local  sidereal 
time  of  observation;  if  west  of  the  meridian,  subtract  its 
hour-angle  therefrom.  The  result  will  be  the  right  ascension 
of  the  star. 

Then  scan  the  star  tables  of  the  Nautical  Almanac  and 
find  the  name  of  the  star  whose  tabulated  right  ascension 
and  declination  come  nearest  to  the  values  of  the  right  ascen¬ 
sion  and  declination  that  have  been  deduced.  The  stars 
that  are  of  a  sufficient  magnitude  to  be  observed  by  navi¬ 
gators  are  so  widely  separated  that  there  will  be  no  difficulty 
in  making  the  selection  from  the  tables,  even  when  we  pro¬ 
ceed  no  further  than  the  use  of  the  Index  to  Plates  in  effecting 
the  required  solution,  as  has  been  done  in  the  following- 
example  : 

At  sea,  February  26,  1901,  local  mean  time  (L.  M.  T.) 
6h  30m  p.  m.  Weather  overcast  and  cloudy.  Observed  the 
altitude  of  an  unknown  star  through  a  break  in  the  clouds 
to  be  29°  30'  (true),  bearing  N.  74°  W.  (true).  What  is  the 
name  of  the  star?  Ship’s  position  by  dead-reckoning,  Lat. 
35°  N.,  Long.  60°  W. 
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SOLUTION. 

On  the  Index  to  Plates,  plot  the  altitude  29°  30'  on  the 
meridian  making  an  angle  equal  to  the  true  bearing  or 
azimuth  (74°),  with  the  right-hand  bounding  meridian,  and 
note  the  number  of  the  circumference  and  the  number  of 
the  radial  which  pass  through  this  point.  They  are  cir¬ 
cumference  7\  and  radial  12360.  Subtract  the  co-latitude 
(90°  —  35°  =  55°)  expressed  in  minutes,  which  is  55°  X  60' 
=  3300,  from  the  number  of  the  radial,  and  find  the  inter¬ 
section  of  the  radial  whose  number  is  the  remainder  (12360 
—  3300=)  9060  with  the  above-noted  circumference,  7\. 
Read  from  the  graduations  of  the  projection  the  declination 
of  this  point  and  its  hour-angle  reckoned  from  the  left-hand 
branch  of  the  bounding  meridian.  They  are  declination 
28°  40'  north  and  hour-angle  72J°  =  4h  50m.  From  the 
hour-angle  thus  deduced  by  inspection,  we  proceed  to  find 
the  unknown  star’s  right  ascension,  as  follows : 


L.  M.  T . . .  6h  30“  00s 

R.  A.  M.  S .  22  22  33 

Cor.  G.  M.  T . .  1  43 


Local  sidereal  time .  4  54 

Star’s  hour-angle .  4  50 


Star’s  R.  A . . .  0h  4“ 


The  right  ascension  and  declination  of  the  unknown  star, 
as  we  have  now  approximately  found  them  by  inspection, 
are  R.  A.  —  0h  4m  and  dec,  =  28°  40'  N.  The  star  is  there¬ 
fore  aAndromedae,  whose  tabulated  R.  A.  ==  0h  03m  16s  and 
dec.  =  28°  32'  N. 


ATMOSPHERIC  FRICTION,  WITH  SPECIAL  REF¬ 
ERENCE  TO  AERONAUTICS. 


BY 

A.  F.  Zahm. 


[Read  before  the  Society  February  27,  1904.] 


MEASUREMENTS. 

The  experiments  here  described  were  made  to  determine 
the  magnitude  of  the  friction  of  air  flowing  over  even  sur¬ 
faces,  both  smooth  and  rough  ones,  and  the  law  of  its  varia¬ 
tion  with  the  speed  of  flow,  the  length,  and  quality  of  surface. 
The  primary  purpose  of  the  investigation  was  to  establish  a 
basis  for  calculations  in  engineering,  and  particularly  in 
aerial  navigation ;  but  it  is  hoped  that  the  measurements 
are  sufficiently  accurate  to  be  of  value  also  to  the  general 
dynamics  of  fluid  motion. 

It  has  long  been  known  to  marine  science  that  in  a  well- 
formed  vessel  one  of  the  chief  elements  of  resistance  is  the 
skin-friction  of  the  water  on  its  sides ;  and,  by  analogy,  it 
was  surmised  that  a  fair-shaped  body  in  the  air  might  be 
retarded  in  a  similar  way  by  the  tangential  drag  of  that 
fluid.  But  the  measurements  of  several  prominent  experi¬ 
menters  led  them  to  affirm  that  the  skin-friction  of  the  air 
is  negligible,  even  for  bodies  of  fair  outline.  The  present 
research,  however,  seems  to  prove  that  the  frictional  resist¬ 
ance  is  at  least  as  great  for  air  as  water,  in  proportion  to 
their  densities.  In  other  words,  it  amounts  to  a  decided 
obstacle  in  high-speed  transportation.  In  aeronautics  it  is 
one  of  the  chief  elements  of  resistance,  both  to  hull-shaped 
bodies  and  to  aero-surfaces  gliding  at  efficient  angles  of 
flight.  It  seems  important,  therefore,  that  the  main  laws  of 
this  resistance  should  be  carefully  determined. 


36-Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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To  measure  the  tangential  force  of  the  air  on  even  sur¬ 
faces,  various  skin-friction  planes  were  suspended  inside  a 
wind-tunnel  by  means  of  two  fine  steel  wires  attached  to  the 
top  of  the  laboratory,  as  shown  in  figure  1.  The  tunnel 
itself,  standing  on  the  floor  of  the  laboratory,  measuring  40 
feet  long  by  6  feet  square,  has  a  5-foot  electric  suction  fan 
at  one  end,  and  a  cheese-cloth  screen,  or  two,  at  the  other,  to 
straighten  the  current  of  inflowing  air.  A  boy  with  a  rheo¬ 
stat  and  tachometer  holds  the  fan  at  any  desired  speed,  ac¬ 
curately  to  a  fraction  of  1  per  cent.,  thus  giving  an  even 


-« — «< 

CX= . :  = :  = . . = . = . = - - zqn 


Fig.  1. — Section  of  Wind-tunnel  with  Suspended  Skin-friction  Plane. 

flow  of  air  of  like  constancy.  As  the  wind-friction  moves  the 
plane  endwise  the  displacement  is  determined  by  the  motion 
of  a  sharp  pointer  attached  to  one  suspension  wire  and  travel¬ 
ing  over  a  fine  scale  lying  on  top  of  the  tunnel.  The  swing 
of  the  plane  can  be  measured  accurately  to  five-thousandths 
of  an  inch,  and  the  force  on  the  plane  is  exactly  proportional 
to  the  scale  readings.  The  wind-speed  is  usually  measured 
by  a  pressure-tube  anemometer,  though  other  kinds  have 
been  employed  for  comparison. 

In  the  first  attempt  to  determine  the  coefficient  of  skin- 
friction  a  thick  plane  was  used,  having  wind-shields  fore  and 
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aft,  as  shown  in  figure  1,  to  protect  it  from  end-thrust.  The 
plane  is  16  feet  long,  4  feet  wide,  and  4  inches  thick.  The 
shields  are  made  of  sheet  zinc,  their  cross-section  measur¬ 
ing  4J  by  12  inches  inside,  and  each  shield  closely  envelops 
one  end  of  the  plane,  yet  has  ample  space  farther  within 
to  allow  the  air  to  flow  very  freely  from  one  shield  to  the 
other,  through  a  large  connecting  pipe  underneath  the  floor 
of  the  tunnel,  thus  equalizing  the  pressure.  This  pipe,  or 
flue,  measures  1  square  foot  in  cross-section. 

The  static  pressures  in  the  two  wind-shields  deserve  careful 
attention.  If  they  are  equal,  the  resultant  end-thrust  is 
nothing,  and  the  only  deflecting  force  on  the  plane  is  the 
friction  of  the  air  along  its  sides.  But  in  practice  there  is  a 
difference  of  static  pressure,  which  is  measured  by  connect¬ 
ing  the  shields,  by  means  of  rubber  hose,  to  a  differential 
pressure-gauge  graduated  to  millionths  of  an  atmosphere, 
and  usually  read  to  one-ten-millionth.*  Computing  the  end- 
thrust  from  the  differential  pressure,  and  adding  or  subtract¬ 
ing  the  result,  gives  the  total  skin-friction  on  the  plane. 
The  correction  thus  introduced  is  about  5  per  cent,  of  the 
whole  deflecting  force. 

Considerable  care  was  taken  in  the  design  of  the  plane  to 
make  it  light  and  keep  it  perfectly  straight.  A  frame  was 
made  of  organ  tubes  and  covered  with  paper  in  such  a  way 
as  to  be  adjustable  for  warpage.  As  shown  in  figure  2,  the 
paper  is  glued,  not  directly  to  the  organ-tube  frame,  but  to 
J-inch  boards  which  slide  over  the  four  outer  faces  of  the 
frame.  As  the  paper  was  fastened  on  wet,  it  now  remains 
very  taut  on  all  but  the  dampest  days,  and  of  course  holds 
the  sliding  pieces  firmly  to  the  frame.  The  process  of  ad¬ 
justment  is  as  follows :  The  two  end  sliding  pieces  are  set 
vertical  by  means  of  plumb-lines,  thus  bringing  the  four 
corners  accurately  into  a  mathematical  plane.  The  four 
corners  are  then  joined  by  tight  threads  and  the  other  sliding 
pieces  tapped  into  line  with  a  mallet.  The  operation  re- 

*See  “  Measurement  of  Air  Velocity  and  Pressure,”  Physical  Review, 
December,  1903. 
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quires  less  than  half  an  hour,  and  the  plane  can  easily  be 
made  true  to  less  than  3V  of  an  inch.  The  warpage  of  the 
16-foot  plane  sometimes  amounts  to  one-eighth  of  an  inch 
in  twenty-four  hours,  and  may  be  more  than  a  quarter  of 
an  inch  in  several  days ;  but  in  practice  the  plane  is  kept 
straight  by  timely  adjustment. 

During  each  experiment  one  assistant  controlled  the  fan 
speed  by  means  of  a  rheostat,  and  noted  the  revolutions  per 
minute  with  a  Schaeffer  and  Budenberg  tachometer;  another 
assistant  read  the  deflection  of  the  plane,  while  a  third  ob¬ 
served  the  differential  pressure  in  the  wind-shields  by 
means  of  a  manometer,  and  the  wind  velocity  as  given  by  a 
pressure-tube  anemometer  or  a  Robinson  cup  anemometer. 
The  duration  of  an  experiment  was  usually  about  an  hour 
and  comprised  ten  different  wind  velocities. 


Fig.  2. — Cross-section  of  16-foot  Plane ,  Showing  Paper  Glued  to  Sliding  Pieces. 

The  following  page  from  the  laboratory  note-book  for 
January  30,  1903,  gives  the  results  obtained  after  some  skill 
had  been  acquired  in  using  the  various  instruments.  Similar 
observations  had  been  taken  in  July,  1902,  and  this  much 
of  the  present  paper  was  communicated  to  the  American 
Association  for  the  Advancement  of  Science  in  December, 
1902. 

A  few  essential  data  may  be  prefaced :  surface  of  plane 
between  w7ind  shields,  138.08  square  feet;  cross-section  of 
plane,  202.1  square  inches  ;  weight,  58  pounds ;  1-inch  swing 
of  plane,  =0.296  pound  deflecting  force;  1  milligram  per 
square  centimeter  differential  pressure  in  the  wind  shields 
equals  0.00287  pound  end-thrust  on  the  plane ;  mean  tem¬ 
perature  of  experiment,  4°. 5  C. ;  barometric  pressure,  29".74 ; 
time,  3.30  to  4.30 ;  weather,  dry ;  mouth  of  tunnel  not 
screened. 


ATMOSPHERIC  FRICTION. 


251 


Table  I. 


Skin-friction  on  Plane  Measuring  16'  X  4'  X  4"  - 


Speed  of  fan. 

Swing  of  plane. 

Force  causing 
swing. 

Differential 
pressure  in 
shields. 

End-thrust  on 

plane. 

Pressure  -  tube 

anemometer. 

Wind  speed. 

!  Friction  per 

square  foot. 

Rev.  min. 

In. 

Lbs. 

Mg.  sq.  cm. 

Lbs. 

Mg.  sq.  cm. 

Ft.  sec. 

Lbs. 

150 

0.27 

0.080 

0.0 

0.0 

70 

11.11 

.000579 

200 

0.41 

0.121 

0.0 

0.0 

105 

13.63 

.000875 

250 

0.54 

0.160 

0.0 

0.0 

155 

16.16 

.001156 

300 

0.76 

0.225 

1.0 

0.003 

225 

19.46 

.00165 

350 

0.95 

0.277 

1.7 

0.005 

295 

22.30 

.00203 

400 

1.19 

0.352 

3.9 

0.011 

375 

25.14 

.00262 

450 

1.45 

0.428 

7.1 

0.019 

465 

28.0 

.00324 

500 

1.74 

0.515 

9.5 

0.026 

570 

31.0 

.00392 

550 

2.04 

0.603 

13.7 

0.037 

670 

33.6 

.00463 

600 

2.39 

0.701 

16.5 

0.045 

815 

37.0 

.00539 

The  force  in  the  third  column  is  computed  from  the  ob¬ 
served  swing  of  the  plane.  Adding  the  end-thrust,  since 
the  differential  pressure  opposed  the  deflection  of  the  plane, 
there  results  the  actual  skin-friction  on  the  exposed  surface. 
Dividing  by  the  area  of  the  surface  gives  the  values  recorded 
in  the  last  column.  The  wind  speed  is  computed  from  the 
pressure-tube  readings  by  a  theoretical  formula,  which  has 
been  carefully  verified  by  a  special  series  of  experiments 
which  were  published  in  the  Physical  Review ,  December,  1903. 

The  values  of  the  wind  velocity  and  skin-friction  have  been 
plotted  on  logarithmic  cross-section  paper,  as  shown  in  figure 
3.  Their  relation  in  this,  as  in  subsequent  experiments,  is 
invariably  expressed  by  a  straight  line — that  is,  by  the  rela¬ 
tion, 

F  avn  .  .  .  («) 

in  which  F  is  the  total  friction,  v  the  wind  speed,  a,  n,  nu¬ 
merical  constants.  The  concrete  relation  obtained  from  the 
numerical  values  of  table  I  is,  for  a  plane  16  feet  long, 

f  =  0.00000671  ?; 1,85 . (v  =  ft.  sec.), 

/  =  0.00001363  v  1,85  .......  (v  =  mi.  hr.), 
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in  which  f  is  the  average  friction  in  pounds  per  square  foot 
of  surface,  and  v  is  the  wind  velocity  in  the  units  indicated 
within  the  parentheses.  This  relation  was  corroborated  by 
later  experiments  in  which  no  wind-shields  were  used. 

Having  fairly  established  the  law  of  variation  of  the  skin 
friction  with  the  air  velocity,  an  effort  was  made  to  discover 
its  variation  with  the  length  of  surface.  A  simpler  method 
was  then  adopted  which  had  been  considered,  but  was  dis¬ 
carded  in  the  beginning  as  appearing  hardty  delicate  enough 
to  measure  such  extremely  small  forces  as  the  friction  was  at 
first  conceived  to  be. 


Fig.  4. — Skin-friction  Plane  with  Sharp  Ends ,  Suspended  in  Wind-tunnel. 


Planes  were  now  constructed  similar  to  those  commonly 
used  to  determine  the  ^kin-friction  of  water.  The  first 
was  a  pine  board  4  feet  long,  25.5  inches  wide,  and  1  inch 
thick,  carefully  trued  and  varnished,  and  suspended  in 
the  wind  tunnel,  as  usual,  by  steel  wires  0.025  of  an  inch 
in  diameter.  It  was  provided  with  a  7-inch  pine  prow 
and  stern,  both  of  ogival  form.  These  were  held  on  by 
dowel  pins,  as  shown  in  figure  4,  and  each  terminated  in  a 
sharp  edge,  from  the  center  of  which  a  steel  pin  protruded 
along  stream  between  guides  to  steady  the  plain  against 
wabbling.  As  the  doweling  was  carefully  executed,  straight 
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planes  of  any  length  could  be  made  by  adding  extra  boards, 
the  lengths  most  employed  being  2,  4,  8,  12,  and  16  feet. 

The  method  of  using  the  planes  to  determine  the  surface 
friction  was  as  follows :  The  total  force  was  measured,  at 
various  velocities,  using  the  prow  and  stern  first  on  the  16-foot 
board,  then  successively  on  the  12, 8,  4,  and  2  foot  boards,  and 
finally  with  nothing  between  them.  Subtracting  this  last 
force  from  each  of  the  others  gave  the  friction  on  those  five 
lengths.  It  may  not  be  absolutely  true  that  the  end  resist¬ 
ance  was  the  same  for  each  of  those  lengths,  but  the  error 
of  this  assumption  is  regarded  as  very  slight  for  several 
reasons :  (1)  the  end  resistance  is  but  a  small  part  of  the 
total ;  (2)  the  stream  lines  are  so  slightly  disturbed  that  the 
flow  about  the  ends  must  be  practically  the  same  in  all 
cases ;  (3)  the  results  harmonize  very  well  with  those  ob¬ 
tained  by  other  methods. 

Table  II,  taken  from  the  laboratory  note-book,  exhibits 
the  observed  and  computed  values  for  the  two-foot  friction- 
board.  The  mouth  of  the  tunnel  was  screened  with  cheese¬ 
cloth  to  steady  the  flow  of  the  air,  in  order  to  obviate  wab¬ 
bling  in  so  small  a  board.  The  velocity  was  thus  reduced, 
it  is  true,  but  sufficient  values  are  given  to  make  a  reliable 
diagram. 

The  following  data  may  be  prefaced  :  surface  of  the  two- 
foot  plane  without  prow  and  stern,  8.83  square  feet ;  weight 
of  plane  with  end  pieces,  17  pounds;  1  inch  swing  of 
plane  =  0.0862  pounds  wind  force;  barometric  pressure, 
29.80  inches ;  mean  temperature  of  experiment,  24°. 2  C. 


Table  II. 

Surface  Friction  by  24"  X  25.5"  Pine  Board  with  Prow  and  Stern. 


Speed 

of 

fan. 

Swing  of 
plane. 

Force 

causing 

swing. 

Force  on 
prows. 

Net 

friction. 

Pressure 

tube 

anem. 

Wind 

speed. 

Friction 
per 
sq.  ft. 

Rev.  min . 

In. 

Lbs. 

Lbs. 

Lbs . 

Mg.  sq.  cm. 

Ft.  sec. 

Lbs.  • 

200 

0.050 

0.00431 

0.00233 

0.00198 

22.8 

6.38 

0.000224 

250 

0.080 

0.00690 

0.00365 

0.00325 

37.0 

8.12 

0.000368 

800 

0.120 

0.01<»34 

0.00553 

0.00481 

58.0 

10.18 

0.000545 

350 

0.158 

0.01362 

0.00734 

0.00628 

78.5 

11.80 

0.000710 

400 

0.205 

0.01767 

0.00949 

0.00818 

103.5 

13.52 

0.000925 

450 

0.260 

0.02240 

0.01188 

0.01052 

132.0 

15.34 

0.001188 

500 

0.310 

0.02586 

0.01379 

0.01207 

155.0 

16.61 

0.001366 
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The  third  column  gives  the  whole  force  on  the  friction- 
board  with  its  prow,  stern,  and  suspension  wires.  The  fourth 
column  gives  the  force  on  the  latter  alone,  which,  deducted 
from  the  whole  force,  gives  the  friction  on  the  sides  of  the 
two-foot  length.  Dividing  this  net  friction  by  8.83,  the  area 
of  the  true  friction  surface,  gives  the  values  in  the  last 
column. 

Similar  tables  were  obtained  for  the  other  friction-boat  4  s, 
of  lengths  4,  8, 12,  and  16  feet  respectively.  When  the  values 
from  the  five  tables  are  plotted  on  logarithmic  cross-section 
paper  they  give  five  separate  straight  lines,  all  having  the 
same  inclination  as  the  one  shown  in  figure  3,  in  which  the 
slope  tangent  is  1.85.  This  means  that,  for  all  the  velocities 
and  lengths  of  surface  employed  in  this  research,  the  skin- 
friction  is  expressed  by  an  equation  of  the  form 

F=avu 85 . 0), 

a  being  a  numerical  constant,  and  v  the  wind  speed.  Hence 
if  the  net  friction  on  each  board  is  known  for  any  velocity,  it 
can  readily  be  computed  for  any  other  velocity. 

In  practice  the  computations  illustrated  in  tables  I  and 
II  were  obviated,  for  all  the  tables,  by  a  simple  expedient. 
The  observed  anemometer  readings  and  swing  of  the  plane 
were  plotted  while  the  measurements  were  in  progress, 
giving  five  straight  lines,  all  of  the  same  slope.  Then  a 
point  was  selected  on  each  line  representing  a  wind  speed  of 
ten  feet  per  second,  and  the  corresponding  friction  per  square 
foot  of  surface  noted.  From  these  values  the  numerical 
equations  between  F  and  v  can  at  once  be  written.  The  ob¬ 
served  values  are  given  in  the  subjoined  table. 


Table  III. 

Skin  Friction  at  10  Feet  per  Second  for  Various  Lengths  of  Surface . 


Length  of  friction  board. 

2 

4 

8 

12 

16 

Average  friction, pounds 
per  square  foot . . . 

0.000524 

0.000500 

0.000475 

0.000467 

0.000457 

37— Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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Knowing,  then,  the  friction  at  the  same  speed  on  five  dif¬ 
ferent  boards,  there  remained  to  determine  the  law  of  its 
variation  with  length  of  surface.  To  that  end,  the  values  in 
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Fig.  5. — Relation  between  Length  and  Unit  Friction  at  10  Feet  per  Second. 


table  III  were  plotted  on  logarithmic  cross-section  paper,  as 
shown  in  figure  5.  The  result  is  a  straight  line  whose 
equation  is  of  the  form, 


f=al,  -°-07 

whence  F  =  fl  =  al  *93.  .  .  .  (y), 

in  which  f  is  the  average  friction  in  pounds  per  square  foot 
and  l  is  the  length  of  surface  in  feet.  At  one  foot  per  second 
the  coefficient  is  0.00000778 ;  hence  at  any  speed,  v  feet  a 
second,  the  average  friction  per  square  foot  is 


f=  0.00000778  l  -°-07  v  1’85.  .  .  0  =  ft.  sec.), 
f=  0.0000158  l  ~0-07  v  l*85.  .  .  .  0  =  mi.  hr.). 

Assuming  the  two  laws  thus  far  derived  to  be  true  for  the 
planes  and  wind  speeds  employed,  we  may  readily  express 
the  total  friction  on  a  plane  of  any  length  from  2  to  16  feet, 
moving  at  any  speed  from  5  to  40  feet  a  second.  Thus,  by 
the  last  equation,  the  total  friction  F  on  a  surface  1  foot  wide 
and  1  foot  long  is 

F  —  fl  —  0.00000778  l  *93  v  1>85.  .  .  (v  =  ft.  sec.). 

F  =  0.0000158  l  *93  v  1,65 .  .  .  .  (v  ==  mi.  hr.). 

Of  course  this  value  of  F  must  be  doubled  for  a  material 
plane  of  length  l  and  width  one  foot,  since  a  material  plane 
has  two  sides. 

In  order  to  facilitate  the  computation  of  skin-friction  in 


ATMOSPHERIC  FRICTION. 


257 


practice,  the  following  table  has  been  derived  from  the  equa¬ 
tion  f  =  0.0000158  l  0,07  v  1-85.  The  friction  for  any  inter¬ 
mediate  velocity,  or  length  of  surface,  may  be  found  by  in¬ 
terpolation.  If  the  surface  is  of  variable  length  it  may  be 
divided  into  longitudinal  strips,  the  force  on  each  strip  being 
the  product  of  the  area  of  the  strip  multiplied  by  the  average 
friction  for  its  particular  length.  Only  the  values  in  heavy 
type  lie  within  the  range  of  the  experiments  above  described. 

Table  IV. 


Friction  per  Square  Foot  for  Various  Speeds  and  Lengths  of  Surface. 


T3 

CD 

<D 

Pu 

OQ 

Average  friction  in  pounds  per  square  foot. 

S 

S 

V  plane. 

2/  plane. 

V  plane. 

8'  plane. 

16/  plane. 

327  plane. 

mi.  hr. 

5 

0.000303 

0.000289 

O  000275 

0.000262 

0.000250 

0.000238 

10 

0.00112 

0.00105 

O  OOlOl 

0.000967 

O  000922 

0.000878 

15 

0.00237 

0.00226 

O  00215 

0.00205 

O  00195 

0.00186 

20 

0.00402 

0.00384 

0.00365 

0.00349 

0.00332 

0.00317 

25 

0.00606 

0.00579 

0.00551 

O  00527 

0.00501 

0.00478 

30 

0.00850 

0.00810 

0.00772 

0.00736 

0.00701 

0.00668 

35 

0.01130 

0.0108 

0.0103 

0.0098 

0.00932 

0.00888 

40 

0.0145 

0.0138 

0.0132 

0.0125 

0.0125 

0.0114 

50 

0.0219 

0.0209 

0.0199 

0.0190 

0.0181 

0.0172 

60 

0.0307 

0.0293 

0.0279 

0.0265 

0.0253 

0.0242 

70 

0.0407 

0.0390 

0.0370 

0.0353 

0.0337 

0.0321 

80 

0.0522 

0  0500 

0.0474 

0.0452 

0.0431 

0.0411 

90 

0.0650 

0.0621 

0.0590 

0.0563 

0.0536 

0.0511 

100 

0.0792 

0.0755 

0.0719 

0.0685 

0.0652 

0.0622 

It  may  now  be  inquired  what  other  circumstances  alter 
the  surface  friction.  Perhaps  the  chief  of  these  are  the  atmos¬ 
pheric  changes  of  density  and  the  unevenness  of  surface. 

No  effort  was  made  to  determine  the  relation  between  the 
density  and  skin-friction  of  the  air,  partly  for  want  of  time, 
partly  because,  with  the  apparatus  in  hand,  too  great  changes 
of  density  would  be  needed  to  reveal  such  relation  accu¬ 
rately.  Doubtless  the  friction  increases  with  the  density, 
since  it  is  due  to  the  inertia  of  the  fluid  near  the  friction  sur¬ 
face.  Of  course,  in  steady  motion  at  low  velocity,  such  as 
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studied  by  Maxwell,  the  conditions  are  different.  He  found 
that  when  one  plane  moved  edgewise  near  and  parallel  to 
another  plane,  at  a  constant  speed  below  one-twelfth  of  an 
inch  per  second,  the  friction  is  independent  of  the  pressure 
and  proportional  to  the  absolute  temperature  for  such  at¬ 
mospheric  conditions  as  prevail  near  the  earth’s  surface. 

Some  measurements  were  made  with  the  four-foot  friction- 
board  covered  with  various  materials  to  observe  the  effect  of 
quality  of  surface  upon  the  tangential  resistance.  Practi¬ 
cally  the  same  friction  was  observed,  whether  the  board  was 
covered  with  dry  varnish,  or  wet,  sticky  varnish,  or  sprinkled 
with  water,  or  covered  with  calendered  or  uncalendered 
paper,  or  glazed  cambric,  or  sheet  zinc,  or  old  English 
draughting  paper,  which  feels  rough  to  the  touch.  But  when 
the  plane  was  covered  with  coarse  buckram,  having  sixteen 
meshes  to  the  inch,  the  friction  at  ten  feet  a  second  was  10 
to  15  per  cent,  greater  than  for  the  uncovered  surface,  and 
the  friction  increased  as  the  velocity  raised  to  the  power  2.05, 
or  approximately  as  the  square  of  the  speed. 

The  fact  that  such  a  variety  of  materials  exhibit  practi¬ 
cally  the  same  friction  seems  to  indicate  that  this  is  a  shear¬ 
ing  force  between  the  swiftly  gliding  air  and  the  compara¬ 
tively  stationary  film  adhering  to  the  surface,  or  embedded 
in  its  pores.  If,  as  seems  to  be  true,  there  is  much  slipping, 
this  means  that  the  internal  resistance  of  the  air  is  less  at 
the  surface  than  at  a  sensible  distance  away.  As  the  shear¬ 
ing  strength  of  a  gas  is  due  to  the  interlacing  of  its  mole¬ 
cules,  owing  to  their  rapid  motion  normal  to  the  shearing 
plane,  it  may  be  that  the  diminution  of  shear  near  a  boundary 
surface  is  due  to  the  dampening,  within  the  film,  of  the  com¬ 
ponent  of  molecular  translation  normal  to  the  surface. 

To  summarize  the  results  attained  thus  far,  it  may  be  said 
that,  within  the  ascribed  limits  of  size  and  wind  speed 

(1.)  The  total  resistance  of  all  bodies  of  fixed  size,  shape 
and  aspect  is  expressed  by  an  equation  of  the  form 
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R  being  the  resistance,  v  the  wind  speed,  a,  n ,  numerical 
constants. 

(2.)  For  smooth  planes  of  constant  length  and  variable 
speed  the  tangential  resistance  may  be  written 

R  —  av  1,85  .....  0). 

(3.)  For  smooth  planes  of  variable  length,  l,  and  constant 
width  and  speed  the  friction  is 

R  =  al *93 . 0). 

(4.)  All  even  surfaces  have  approximately  the  same  co¬ 
efficient  of  skin-friction. 

(5.)  Uneven  surfaces  have  a  greater  coefficient  of  skin- 
friction,  and  the  resistance  increases  approximately  as  the 
square  of  the  velocity. 

The  equation  R=avn  was  found  to  express  very  accu¬ 
rately  the  resistance  of  all  the  shapes  tested  at  speeds  from 
five  to  forty  feet  a  second.  For  normal  planes,  spheres, 
cylinders,  and  blunt  bodies  generally,  except  very  small  ones, 
n  equals  2,  very  approximately ;  for  thin,  tapering  bodies 
n  may  have  any  value  from  2  to  1.85 ;  but  in  every  case,  if 
the  form  and  aspect  of  the  model  remain  fixed,  a  and  n  are 
found  to  remain  practically  invariable  for  all  the  speeds  em¬ 
ployed.  This  was  manifested  by  plotting  the  speed  and 
resistance  on  logarithmic  cross-section  paper  and  observing 
that  the  diagram  was  invariably  a  straight  line  for  all  the 
models  tested.  The  statement  cannot  be  true  for  a  great 
range  of  speeds. 

Such  were  the  results  obtained  in  a  wind  of  uniform 
velocity  and  direction.  When,  however,  the  current  is  tur¬ 
bulent  a  and  n  are  found  to  vary  considerably ;  but  since 
the  flow  of  a  turbulent  wind  cannot  be  specified,  the  meas¬ 
urements  obtained  in  one  such  current  cannot  well  be  ap¬ 
plied  to  determine  the  resistance  in  a  different  one.  For 
that  reason  it  seemed  better  to  make  the  measurements  in  a 
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uniform  wind,  where,  moreover,  the  instruments  give  steadier 
readings. 

On  comparing  the  above  results  with  those  obtained  by 
Dr.  Froude  for  water,  it  is  found  that  the  equations  are  very 
similar.  The  exponents  are  nearly  the  same,  and  the  co¬ 
efficients  are  to  each  other  roughly  as  the  densities  of  air 
and  water.  Using  varnished  friction-boards,  Froude  finds 
n  =  1.85  for  a  surface  8  to  20  feet  long,  and  n  =  2.00  for  a 
plane  2  feet  long ;  I  find  n  —  1.85  for  all  lengths  from  2  to 
16  feet.  By  Froude’s  measurements  the  friction  varies  as  the 
power  0.83  of  the  length  for  varnished  planes  2  to  20  feet 
long ;  I  find  it  to  vary  as  the  power  0.93.  With  a  varnished 
board  2  feet  long,  moving  10  feet  a  second,  the  ratio  of  our 
coefficients  of  friction  for  air  and  water  is  1.08  times  the  ratio 
of  the  densities  of  those  media  under  the  conditions  of  the 
experiment. 

But  in  some  respects  Froude’s  results  are  quite  unlike  mine. 
For  several  surfaces  he  finds  the  skin-friction  to  vary  as  the 
square  of  the  velocity,  or  nearly  so,  which  is  the  relation  I 
observed  in  a  turbulent  current  and  when  the  friction-board 
was  vibrating  slightly.  He  finds  the  friction  of  calico  about 
twice  that  of  a  varnished  surface  ;  I  find  that  glazed  cambric 
has  about  the  same  friction  as  a  varnished  surface ;  but  if 
the  cambric  is  roughened,  so  as  to  expose  a  fine  down,  the 
friction  is  very  much  increased. 

The  fact  that  for  some  surfaces  the  coefficients  of  friction 
for  air  and  water  are  roughly  as  their  densities  is  of  consider¬ 
able  interest.  It  is  well  known  that  the  head  resistances  of 
the  two  fluids  are  directly  as  their  densities,  and  if  their  fric¬ 
tion  coefficients  also  bear  that  ratio,  the  total  resistances  must 
be  approximately  as  the  densities.  Hence  the  data  obtained 
from  water-resistance  measurements  on  such  surfaces  may  be 
fairly  well  applied  to  estimate  the  air  resistance  on  various 
shaped  models. 

It  is  not,  however,  self-evident  that  the  surface  friction  of 
any  two  fluids  is  proportional  to  their  densities,  and  should 
not  be  taken  for  granted.  It  happens  to  be  roughly  true  for 
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varnished  wooden  surfaces  in  air  and  water,  but  appears  to 
be  wholly  untrue  for  calico  surfaces.  In  default,  therefore, 
of  an  adequate  physical  theory  of  surface  friction  the  mag¬ 
nitude  in  any  given  case  can  be  determined  only  by  direct 
experiment. 

To  complete  the  theory  of  the  skin-friction  board,  two  steps 
further  remain  to  be  taken.  First,  the  equations  of  motion 
for  a  viscous  fluid  must  be  integrated  to  find  the  velocity  at 
all  points  in  the  disturbed  region  about  a  thin  material 
plane.  Then  the  speed  of  flow  must  be  measured  at  all 
points  next  the  plane  and  at  some  distance  away.  The 
writer  expects  soon  to  map  the  stream-lines  and  measure  the 
velocity.  If,  then,  the  equations  can  be  integrated  so  as  to 
give  the  speed  as  a  function  of  the  space  coordinates,  the 
computed  and  observed  values  can  be  directly  compared. 
It  is  hoped  that  some  one  may  obtain  sufficiently  general 
solutions  of  the  equations  to  be  of  practical  value,  particu¬ 
larly  for  the  simpler  case  in  which  the  plane  is  indefinitely 
wide  and  in  which  the  edge  conditions  are  negligible.  The 
integrals,  if  sufficiently  general,  will  be  of  great  importance 
to  the  science  of  surface  friction,  and  may  at  once  be  applied 
to  the  mass  of  accurate  data  that  for  a  generation  has  been 
accumulating  in  the  laboratories  of  marine  engineers. 

APPLICATIONS. 

The  laws  of  skin-friction  have  both  theoretical  and  prac¬ 
tical  application.  They  serve  theory  by  explaining  some 
apparently  anomalous  phenomena  and  by  leading  to  more 
complete  formulse  for  total  resistance.  They  are  of  practical 
use  because  in  many  of  the  forms  employed  in  transporta¬ 
tion  the  skin-friction  is  a  large  part  of  the  total  resistance. 

It  has  been  the  common  practice  of  writers  on  air  resist¬ 
ance  to  employ  the  Newtonian  formula, 

R  =  av2, 

in  which  a  is  regarded  as  constant  for  a  surface  of  fixed  form 
and  aspect ;  but  this  equation  is  far  from  true  (1)  for  blunt 
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bodies  moving  at  high  speeds,  and  (2)  for  bodies  of  easy  shape 
moving  at  moderate  speeds. 

For  blunt  bodies  at  speeds  below  1,400  feet  a  second  the 
resistance  is  expressed  more  accurately  by  the  equation 

R  —  av2  +  bv 3, 

in  which  a  and  b  are  constants.  This  has  been  shown  ana¬ 
lytically  by  Duchemin,*  and  has  been  proved  experimentally 
by  the  writer  f  for  speeds  below  1,000  feet  a  second.  It  was 
also  corroborated  by  Duchemin  by  citations  from  the  ex¬ 
periments  of  others. 

For  bodies  of  easy  shape  and  moderate  speed  the  coeffi¬ 
cient  a  in  the  Newtonian  formula  gradually  diminishes  with 
the  velocity.  This  was  observed  by  Langley  and  Canovetti, 
and  now  one  reason  seems  apparent.  The  resistance  cannot 
vary  as  the  square  of  the  velocity  because  a  large  part  of  it 
is  friction,  which  varies  as  a  lower  power. 

A  good  general  formula  may  be  obtained  by  writing  the 
total  resistance  as  the  sum  of  two  terms,  one  giving  the  head 
resistance  proper,  the  other  the  skin-friction.  Thus  for  ordi¬ 
nary  transportation  speeds  we  have 

R  —  av*  +  bv1'65, 

in  which  the  body  constants,  a  and  b,  arc- each  a  function  of 
the  dimensions  and  aspect  of  the  given  figure.  A  like  for¬ 
mula  may  be  used  for  a  family  of  figures. 


sL 


c 

Fig.  6. — Symmetrical  Ogival  Wedge  of  Minimum  Resistance. 


As  an  example  of  the  influence  of  the  friction  term,  let  it 
be  required  to  find  the  resistance  per  unit  length  of  a  post 

*  “  Les  Lois  de  la  Resistance  de  Pair.” 

f  “Resistance  of  the  air  at  speeds  below  one  thousand  feet  a  second,” 
Philosophical  Magazine,  May,  1901. 
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having  the  form  of  cross-section  shown  in  figure  6.  The 
head  resistance  proper  may  be  written  equal  to  that  of  the 
major  section,  taken  normal  to  the  velocity  multiplied  by 
the  sign  of  half  the  angle  of  the  edge  of  the  post.  Thus 

R1  —  csina, 

in  which  c  is  the  resistance  of  the  major  section  and  «  is  the 
angle  abd.  Again,  the  skin-friction  resolved  parallel  to  the 
velocity  is 

R2=2ff,ds  .  J  =  2 ff,dx, 

in  which  fs  is  the  coefficient  of  friction  for  the  element  of 
surface,  and  dx  is  an  element  of  the  width  a  b.  Hence  the 
total  resistance  may  be  written 

R  —  c  sin  a  -fi  2  fx, 

in  which  f  is  the  average  friction  per  unit  surface. 

A  glance  at  the  above  equation  reveals  its  chief  features. 
For  x  equal  to  zero,  the  second  term  vanishes,  and  the  first 
becomes 

R=  c, 

which  is  the  normal  resistance  of  the  major  section.  For  x 
very  large  the  first  term  is  negligible,  and  there  remains 

r  =  2  m 

which  is  the  formula  for  a  simple  plane  moving  edgewise. 
Thus  the  total  resistance  is  comparatively  large  when  x 
equals  zero ;  then  becomes  smaller  and  smaller  till  a  mini¬ 
mum  is  reached,  and  finally  continuously  larger  as  x  goes 
on  increasing.  The  width  giving  a  minimum  resistance  is, 
of  course,  obtained  by  placing  the  derivative  of  R  equal  to 
zero  and  solving  for  x. 

What  has  been  said  of  this  particular  shape  is  true  of  all 
the  figures  of  a  family  in  which  the  major  cross-section  is 
kept  constant  while  the  length  varies.  There  is  some  length 
for  which  the  resistance  is  a  minimum,  and  beyond  that  the 

38— Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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resistance  increases  with  the  length  up  to  infinity.  To  illus¬ 
trate  these  features,  let  the  equation  for  the  total  resistance 
be  applied  to  the  data  of  an  experiment. 

For  practical  engineering  purposes,  which  need  not  be 
detailed  here,  it  was  found  desirable  to  measure  the  total 
resistance  of  a  number  of  wedge  forms  such  as  shown  in 
figure  6.  The  models  are  all  1  inch  thick  and  of  the  widths 
given  in  the  second  column  of  table  V.  The  size  of  the 
models  is  given  in  the  first  column  as  so  many  calibers, 
their  outlines  being  circular  arcs  whose  radii  are  an  even 
number  of  times  the  thickness  of  the  wedge.  The  actual 
measured  values  of  the  resistance  per  unit  length  of  post  at 
10  feet  a  second  are  given  in  the  last  column  of  the  accom¬ 
panying  table  and  shown  diagrammatically  in  figure  7  by 
the  little  circles. 


Table  V. 


Computed  and  Observed  Resistances  of  Duangular  Cylinders  One  Inch  Thick, 
One  Foot  Long,  and  of  Various  Widths. 


Caliber  of 
model. 

Width  of 
model. 

Computed  resistance. 

Observed 

resistance. 

Head. 

Frictional. 

Total. 

1 

1.76 

0.00687 

0.000212 

0.00708 

0.00702 

5 

4.41 

0.00307 

0.000511 

0.00358 

0.00375 

10 

6.20 

0.00221 

0.000687 

0.00290 

0.00298 

20 

8.88 

0.00155 

0.000960 

0.00251 

0.00267 

30 

11.05 

0.00125 

0.001178 

0.00243 

0.00250 

40 

12.77 

0.00108 

0.001348 

0.00243 

0.00238 

50 

14.31 

0.000968 

0  001500 

0.00247 

0.00235 

60 

16.00 

0.000870 

0.001664 

0.00253 

0  00253 

70 

16.87 

0.000822 

0  001746 

0.00257 

0.00253 

80 

18.25 

0.000772 

0.001884 

0.00266 

0.00261 

100 

20.12 

0.000690 

0.002061 

0.00275 

0.00285 

150 

24.87 

0.000557 

0.002505 

0.00306 

0.00299 

Now  let  us  apply  to  these  data  the  equation 
E  =  c  sin  a  +  2  fx. 

Taking  c  =  0.0139  pounds,  the  normal  resistance  of  the 
major  section  at  10  feet  a  second,  as  computed  by  Langley’s 
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coefficient;  also  sin  a  =  1/  V  1  +  #2,  #  being  inches;  and 
2/ =0.0001263  #  ~0’07,  the  numerical  equation  becomes 

0  01 30 

R  =  -r==  +  0.0001263  #  -93. 

V  1  +  x2 

The  values  obtained  by  substituting  for  x  the  various  widths 
of  the  models  are  given  in  the  table  and  shown  by  means  of 
the  curves  in  figure  7. 

The  diagram  portrays  the  main  features  of  the  equation 
very  clearly.  The  total  resistance  falls  rapidly  at  first,  be¬ 
comes  a  minimum  when  the  wedge  is  about  one  foot  wide, 
then  increases  indefinitely  with  the  width.  The  true  head 


Fig.  7. — Computed  and  Observed  Resistances  of  Symmetrical  Wedges. 

resistance  and  the  skin-friction,  as  shown  by  the  lower 
curves,  approach  each  other,  becoming  equal  when  the 
width  of  the  wedge  is  a  little  below  one  foot,  then  diverge 
indefinitely,  the  friction  being  four  times  the  true  head 
resistance  when  the  width  of  the  wedge  becomes  two  feet. 

We  have  thus  found  a  formula  which  accords  very  well 
with  the  data  of  experiment ;  but  its  first  term  expresses  only 
approximately  the  true  head  resistance  and  is  here  employed 
merely  tentatively.  In  fact,  the  coefficient  /  had  to  be  some¬ 
what  increased  to  make  the  computed  and  observed  values 
agree.  Thus  the  term  0.000126#  makes  the  skin-friction 
equal  to  0.00127  of  a  pound,  when# equals  one  foot,  whereas 
by  table  IV  it  should  be  0.00113.  So  probably  the  term  c 
sin  a  gives  values  for  the  head  resistance  which  are  some- 
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what  too  small.  Possibly,  also,  the  values  of  /  given  in  table 
IV  for  short  planes  should  be  slightly  increased. 

It  should  be  remarked  that  the  minimum  resistance  given 
above  is  such  only  for  the  symmetrical  shapes  in  question, 
but  not  necessarily  a  minimum  for  all  possible  shapes  having 
the  same  major  section.  In  fact,  when  a  five-caliber  bow, 
shown  by  the  dotted  line  in  figure  7,  was  combined  with  a 
fifty-caliber  stern,  the  resistance  was  much  diminished,  and 
it  was  found  incidentally  that  the  ratio  of  the  resistance  of  a 
good  model  to  that  of  its  major  section  can  be  made  less 
than  one  part  in  eight.  What  the  ratio  may  be  for  the 
shape  of  least  possible  resistance  has  not  been  ascertained. 


Similar  experiments  were  made  with  spindles  having  the 
outline  shown  in  figure  8,  and  with  like  results.  These  are 


Fig.  8. — Symmetrical  Ogival  Spindle  of  Minimum  Resistance. 


still  unfinished  ;  but  it  may  be  mentioned,  in  passing,  that 
the  frictional  effect  is  very  manifest.  The  total  resistance 
of  a  symmetrical  spindle  having  such  outline  is  again  half 
friction,  and  has  its  minimum  value  in  a  model  of  about 
twelve  calibers,  for  which  the  length  is  nearly  seven  times 
the  major  diameter — a  relation  given  by  Pankine  for  well- 
formed  ships.  A  still  less  resistance  is  found  when  a  two- 
caliber  bow,  shown  dotted  in  figure  8,  is  combined  with  a 
twelve-caliber  stern,  in  which  case  the  length  is  about  five 
times  the  major  diameter.  The  ratio  of  the  resistances  of 
the  spindle  and  its  major  section  has  been  reduced  to  about 
one  part  in  eight.  What  the  smallest  possible  ratio  may  be 
for  a  given  velocity  has  still  to  be  ascertained  and  may  well 
form  the  object  of  a  special  research. 

The  foregoing  examples  suffice  to  indicate  the  importance 
of  the  friction  term  in  the  general  equations  of  aerody¬ 
namics.  We  may  now  notice  its  bearing  on  problems  of 
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transportation,  and  particularly  the  cost  of  propulsion  in 
aeronautics.  Let  us  consider  the  soaring  plane,  first  assum¬ 
ing  it  smooth,  then  frictional. 

Let  A  be  the  area  of  the  plane,  W  its  weight,  v  its  veloc¬ 
ity,  a  its  angle  of  flight,  R  its  resistance,  H  the  propulsive 
power,  and  ?  the  density  of  the  fluid  in  which  it  is  moving. 
Then,  if  the  plane  is  'frictionless  and  steadily  soaring  on 
a  horizontal  course  in  still  air, 


R  —  W  tan  a,  . . (a) 

H=^  Rv, . .  (6) 


W  =  2  Ic9  Av2  sin  a  COS  a,  ...  (c) 
1  +  sin  2a 


the  last  expression  being  the  lift  as  given  by  Duchemin’s 
formula,  in  which  k  is  a  constant  of  figure. 

The  relations  of  these  seven  variables  contain  much  that 
is  of  interest  in  the  theory  of  the  aeroplane.  For  example, 
let  us  find  the  mileage  cost  and  the  propulsive  power  when 
the  plane  is  just  soaring. 

The  mileage  cost  is  proportional  to  the  resistance  divided 
by  the  load,  and  hence,  as  shown  by  equation  (a),  it  is 
directly  proportional  to  the  tangent  of  the  angle  of  flight. 
It  may  therefore  have  any  value,  from  zero  to  infinity, 
according  to  the  inclination  of  the  plane,  and  if  this  be  kept 
constant  the  mileage  cost  is  the  same  for  all  velocities,  for 
whatever  extent  of  surface,  and  for  all  densities  of  the 
medium,  from  mountain  air  to  sea  water. 

In  a  similar  way  the  mileage  cost  may  be  studied  as  a 
function  of  any  of  the  other  variables.  Thus  from  equation 
(c)  we  obtain 


tan'c _  W{l+sin>a) 


in  which  the  ratio  of  the  parenthetical  factors  is  practically 
unity  for  small  values  of  «.  Hence,  writing 


tan  a  = 


W 

2  k?  Av2’ 
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it  is  at  once  evident  that  the  mileage  cost  is  directly  propor¬ 
tional  to  the  load,  and  inversely  proportional  to  the  density 
of  the  medium,  the  area  of  the  plane,  and  the  square  of  its 
velocity. 

The  propulsive  power  may  be  obtained  directly  from  the 
last  equation.  Thus, 


11=  Wv  tan  a 


W2 

2  Ics  Av‘ 


This  shows  that  the  power  varies  directly  as  the  square  of  the 
load,  and  inversely  as  the  density  of  the  medium,  the  area 
and  speed  of  the  plane. 

This  last  relation,  viz.,  that  if  W,  ?,  and  A  remain  con¬ 
stant,  IT  varies  inversely  as  v,  has  been  more  emphasized 
than  the  other  relations  by  the  various  writers  on  aero¬ 
nautics.  It  was  first  proved,  though  in  a  different  manner, 
by  A.  Du  Roy  de  Bruignac,*  and  formally  enunciated  by 
him  in  1875,  as  follows  :  “  Providing  the  angle  of  a  heavy 
plane,  moving  in  the  air,  be  maintained  at  the  minimum 
necessary  to  sustain  its  weight,  the  work  of  translation 
diminishes  as  the  velocity  increases.”  Mr.  Curtis  f  gives  a 
different  analytical  proof,  and  Lord  Rayleigh,  in  his  inter¬ 
esting  memoir  on  “  The  Mechanical  Principles  of  Flight,” 
demonstrates  analytically  that  “  if  frictional  forces  can  be 
neglected,  a  high  speed  is  all  that  is  required  in  order  to 
glide  without  energy.  Mr.  ChanuteJ  has  shown,  by  nu¬ 
merical  computation,  that  De  Bruignac’s  statement  may  be 
applied  to  birds  and  flying  machines  moving  at  limited 
speeds,  say  thirty  to  forty  miles  an  hour ;  and  Professor 
Langley  has  concluded  from  his  experiments  that  the  pro¬ 
pulsive  power  of  a  material  soaring  plane  diminishes  with 
the  speed  up  to  at  least  66  feet  a  second,  if  the  edge  resist¬ 
ance  be  left  out  of  the  account. 

Nearly  identical  with  the  expression  for  power  is  the  equa- 

*  “  Reeherches  sur  la  Navigation  Aerienne.” 

f  “  Experiments  in  Aerodynamics,”  Langley. 

t  “Aerial  Navigation.” 
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tion  for  the  speed  of  fall  of  a  horizontal  plane  haying  lateral 
motion.  If  vx  be  its  edgewise  speed,  vy  the  speed  of  fall, 
then  its  true  speed,  v,  equals  \/v*  -f^2,  and  the  angle  «,  be¬ 
tween  v  and  the  plane,  is  determined  by  the  equation 
tan  a  —  v y  /  vx.  Substituting  this  value  of  a  in  equation  ( d ), 
we  have 

vy  __  W  (1  +  sin 2 a) 
vx  2  k$  Av2  (1 — §in2ay 

which,  for  high  speeds  and  moderate  loading,  becomes, 

_  W  (1  +  sin  2«) 

Vy  2  ks  Av 

since  «  is  small,  and  vx  is  nearly  equal  to  v.  Under  these 
conditions  the  speed  of  fall  varies  inversely  as  the  speed  of 
flight,  which  means  that  the  rate  of  descent  and  the  power 
expended  may  be  made  indefinitely  small  by  sufficiently  in¬ 
creasing  the  speed.  Of  course,  if  the  air  has  an  upward 
trend  equal  to  or  greater  than  vy  the  plane  will  soar  con¬ 
tinuously  on  a  horizontal  or  ascending  course. 

Suppose  the  gliding  plane  to  dip  a  degrees  below  the 
horizon,  and  to  have  a  forward  resistance.  The  angle  of 
impact  of  the  air  is  d  =  #  —  a,  in  which  tan  &  =  vy  /  vx,  as 
before ;  and,  when  steady  motion  is  established,  the  hori- 

,  i  2  ks  Av 2  sin  d  sin  «,  just 

zontal  component  of  the  air  pressure, - ^ ^ ^ 

r  1  +  sm 2  d 

equals  the  horizontal  resistance.  Accordingly  the  plane 
will  glide  continuously  with  the  constant  component  veloci¬ 
ties,  vx  forward  and  vy  downward.  If,  however,  the  air  has 
an  upward  trend  equal  to  vy,  or  greater,  the  plane  will  glide 
continuously  on  a  horizontal,  or  ascending  course.  This  is 
the  principle  of  one  kind  of  soaring  practiced  by  the  birds.* 

*The  Wright  brothers  report  that  they  can  glide  continuously  down 
a  seven-degree  slope  at  a  speed  of  18  miles  an  hour  in  still  air.  This 
means  that  if  the  air  has  an  upward  trend  of  18  X  sin  7°  =  2£  miles  an 
hour,  they  can  glide  on  a  horizontal  course  indefinitely  at  a  speed  of  18 
cos  7°  =  17.06  miles  an  hour.  Hence  in  a  soaring  pavilion  having  a  forced 
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It  can  be  proved,  by  a  slight  extension  of  this  argument, 
that  soaring  is  possible  even  in  a  wind  that  alternately  rises 
and  falls. 

Many  other  relations  between  these  variables  might  be 
pointed  out,  but  it  would  be  foreign  to  the  purpose  of  this 
paper.  In  passing  it  may  be  observed  that,  for  a  plane  of 
given  size,  weight,  and  speed,  it  is  more  than  eight  hundred 
times  easier  to  glide  through  water  than  through  air,  since 
the  power  varies  inversely  as  the  density  of  the  medium. 
An  interesting  hydroplane  has  in  fact  been  constructed  by 
Professor  Williams,  of  Cornell  University,  and  made  to 
“  soar  ”  through  the  water  of  Lake  Cayuga. 

In  the  foregoing  discussions  it  has  been  assumed  that 
Duchemin’s  formula  is  a  true  expression  for  the  resistance 
of  a  smooth  plane.  This  is  not  true  for  all  planes  at  all 
angles,  though  at  small  angles  it  is  doubtless  true ;  for  at 
these  the  formula  makes  the  normal  resistance  on  the  oblique 
plane  proportional  to  the  sine  of  the  angle  of  flight,  which 
is  unquestionably  true. 

So  much  for  a  smooth  mathematical  plane.  Let  us  now 
consider  the  effect  of  surface  friction.  If  the  friction  per 
square  foot  is  f  v1'85,  and  the  angle  of  flight  is  small,  equa¬ 
tion  (a)  may  be  written 


R==  Wtana  +  ZfAv1*5, 

the  other  equations  remaining  practically  the  same.  Sub¬ 
stituting  in  this  the  value  of  tan  «  in  ( d ')  we  have 


/?=  W2 
2  k  Av* 


+  2f'Av,'-85 


W* 

2  k$  Av2 


-f  2  f  Av 2,85 . 


upward  draft  of,  say,  3  miles  an  hour,  a  group  of  machines  could  glide 
all  day  without  motive  power,  rising  and  falling  at  pleasure.  The  power 
of  such  a  draught  is  about  Txo  of  a  foot  pound  per  second  over  each  square 
foot  of  floor  surface.  Hence  two  horse-power  can  maintain  such  a 
draught  continuously  over  5,500  square  feet  of  surface,  working  at  an 
efficiency  of  50  per  cent. 
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These  equations  show  that  for  high  speeds  both  R  and  H , 
that  is,  both  the  mileage  cost  and  propulsive  power,  in¬ 
crease  with  the  velocity.  In  the  limit  the  mileage  cost 
varies  as  v  1>85,  while  the  power  varies  as  vQ’85.  By  giving 
concrete,  practical  values  to  W,  ?,  and  A,  it  is  easy  to  show 
that  both  the  resistance  and  power  of  a  soaring  plane  have 
minimum  values  at  some  small  angle,  say  between  one  and 
ten  degrees.  An  example  will  illustrate  this. 

Let  it  be  required  to  find  the  power  necessary  to  propel  a 
soaring  plane  one  foot  square  weighing  one  pound.  The 
soaring  angle,  «,  is  given  in  terms  of  the  velocity  by  the 
equation  (c)  by  making  k  ?  =  0.004,  A  being  one  square  foot, 
W  one  pound,  and  v  being  miles  an  hour.  The  resistance 
may  then  be  computed  from  the  formula 


R  =  tan  a  +  2  /, 


f  being  the  coefficient  of  friction,  as  given  by  table  IV.  The 
power  and  pounds  carried  per  horse-power  are  obtained  by 
obvious  means.  The  computations  for  such  a  plane  are 
given  in  table  VI. 


Table  VI. 


Computed  Power  and  Speed  for  a  Soaring  Plane;  Area,  One  Square  Foot; 
Weight,  One  Pound. 


Soaring 

speed. 

Soaring 

angle. 

Com] 

Drift. 

puted  resist 

Friction. 

ance. 

Total. 

Tow-line 

power. 

Tow-line 
horse  load. 

Mi.  hr. 

Deg. 

Lb. 

Lb. 

Lb. 

Ft.  lb.  sec. 

Lbs. 

30 

8.25 

0.145 

0.0170 

0.162 

7.13 

77.1 

35 

5.94 

0.104 

0.0226 

0.1266 

6.51 

84.3 

40 

4.52 

0.790 

0.0289 

0.1079 

6.32 

86.7 

45 

3.55 

0.0621 

0.0360 

0.0981 

6.39 

86.1 

50 

2.88 

0.0500 

0.0439 

0.0939 

6.89 

80.2 

60 

2.03 

0.0354 

0.0614 

0.0962 

8.50 

64.7 

70 

1.47 

0.0257 

0.0814 

0.1071 

11.00 

50.0 

80 

1.12 

0.0195 

0.1045 

0.1240 

14.56 

35.8 

90 

0.88 

0.0154 

0.1300 

0.1454 

19.17 

28.7 

100 

0.71 

0.0124 

0.1584 

0.1708 

25.00 

22.0 

39— Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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The  effect  of  friction  is  very  manifest.  Owing  to  it,  the 
power  reaches  a  minimum  at  about  forty  miles  an  hour.  The 
mileage  cost  attains  its  least  value  at  about  fifty  miles  an 
hour  and  at  an  angle  of  less  than  three  degrees.  This  latter 
relation  is  more  clearly  shown  in  figure  9,  where  the  soaring 
angle  and  resistance  are  coordinated.  The  drift  curve  is 
nearly  a  straight  line  for  the  small  range  of  angles  plotted, 
but  later  turns  rapidly  upward,  becoming  infinity  and  verti¬ 
cal  at  an  angle  of  ninety  degrees.  The  friction  curve  begins 
at  infinity,  falls  rapidly,  and  becomes  zero  at  a  soaring  angle 


Fig.  9. — Soaring  Angle  and  Computed  Resistances  for  a  Foot  Square  Plane 
Weighing  One  Pound. 


of  ninety  degrees.  The  total  resistance  is  asymptotic  to  the 
others,  and  has  its  minimum  at  about  two  and  a  half  de¬ 
grees.  This  angle  and  the  corresponding  speed  are,  there¬ 
fore,  the  most  economical  for  a  thin  foot-square  soaring  plane 
weighing  one  pound. 

It  will  be  observed  in  the  last  column  that  the  maximum 
weight  carried  per  tow-line  horse-power  is  scarcely  ninety 
pounds.  This  is  very  small,  but  may  be  increased  in  several 
ways :  by  lightening  the  load  and  letting  the  plane  soar  at 
a  lower  speed ;  by  arching  the  surface  like  a  vulture’s  wing ; 
by  changing  the  foot-square  plane  to  a  rectangle  and  towing 
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it  long  side  foremost.  The  latter  device  has  been  tested  ex¬ 
perimentally  by  Mr.  Langley.  His  results  are  presented  in 
table  VII,  together  with  corrections  for  skin-friction  made 
by  the  present  writer. 


Table  VII. 

Data  for  Soaring  of  30  X  4-8  Inch  Plane ;  Weight ,  500  Grammes. 


Soaring 

angle. 

Soaring 

speed. 

Horizontal 

resistance. 

Corrected 
for  friction. 

Horse¬ 

load. 

Corrected 
for  friction. 

Deg. 

Ft.  sec. 

Gms. 

Gms. 

Lbs. 

Lbs. 

10 

40.7 

88 

95.04 

77 

71.3 

5 

49.8 

45 

55.34 

122 

99.2 

2 

65.6 

20 

37.69 

209 

110.9 

The  last  column  shows,  after  correction  for  friction,  that 
the  plane  in  question  may  carry  about  111  pounds  per  tow- 
line  horse-power  at  an  angle  of  two  degrees  if  the  edge  re¬ 
sistance  be  neglected.  This  ratio  of  weight  to  power  is  still 
not  very  large,  but  it  may  be  augmented  by  arching  the  plane 
and  by  lessening  the  load.  This  latter  device  is  being  pushed 
to  an  extraordinary  degree  by  Dr.  A.  G.  Bell,  and  it  will  be 
very  interesting  to  learn  the  horse-load  of  his  most  efficient 
kites. 

So  much  for  soaring  planes.  But  these  are  of  less  sub¬ 
stantial  interest  than  arched  surfaces,  which,  besides  other 
advantages,  carry  a  larger  burden  per  horse-power.  This 
fact  is  duly  regarded  by  modern  aeronauticians,  both  investi¬ 
gators  and  designers.  The  Wright  brothers,  who,  after 
Lilienthal  and  Chanute,  have  been  especially  active  and  suc¬ 
cessful  in  practical  flight,  claim  for  their  gliding  machine  a 
tow-line  horse-load  as  high  as  166  pounds  at  a  speed  of  eigh¬ 
teen  miles  an  hour,  and  that,  too,  including  the  resistance  of 
the  entire  framing.  Mr.  Herring  has  reported  similar  good 
results  with  a  flying  model.  To  secure  such  efficiency  with 
a  plane,  either  square  or  shaped,  as  in  table  VII,  the  surface 
load  would  have  to  be  much  less  than  one  pound  per  square 
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foot.  It  seems,  therefore,  most  important  to  the  science  of 
flight  to  determine  accurately  the  lift  and  drift  of  arched 
surfaces  for  various  speeds  and  angles  of  advance. 

The  frictional  resistance  of  arched  surfaces  can  be  deter¬ 
mined  by  the  method  previously  employed  for  wedges. 
Thus,  resolving  the  friction  on  any  element,  ds,  of  the  sur¬ 
face  into  components  at  right  angles  and  parallel  to  the 
course  and  integrating  the  latter  component  over  the  sur¬ 
face,  we  have 

R  =  zfj-d°d£  =  2fx’ 

in  which  /  is  the  average  unit  friction  and  x  the  length  of 
surface  fore  and  aft,  the  width  being  unity.  Hence  the 
frictional  resistance  of  a  plane  or  arched  surface,  soaring  at 
small  angles  on  a  horizontal  course,  equals  the  horizontal 
projection  of  the  surface  multiplied  by  the  average  unit 
friction,  as  given  by  table  IV ;  that  is, 

R  —  2  f  S, 

in  which  f  is  the  average  friction  and  S  is  the  projected 
surface. 

The  reader  may  like  a  practical  application  of  the  above 
formula.  Take,  for  example,  the  Wright  brothers’  gliding 
machine  of  1902.  Its  surface  measures  5  feet  fore  and  aft, 
spreads  320  square  feet,  and  meets  a  total  resistance  of  30 
pounds  when  soaring  18  miles  an  hour.  By  table  IV  the 
average  friction  is  0.00302  pounds  per  square  foot.  Hence 
by  the  last  formula 

R  =  2  X  0.00302  X  320  1.9  lbs. 

The  friction,  therefore,  seems  to  be  only  about  six  per  cent, 
of  the  total  resistance. 

For  spindle-shaped  hulls,  or  surfaces  of  revolution,  the  skin 
resistance  is  computed  in  a  similar  way.  Thus  resolving  the 
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friction  on  an  elementary  band  of  radius  r  and  of  width 
dSj  into  components  at  right  angles  and  parallel  to  the  axis, 
and  integrating  the  latter,  we  have 

R  =  2  k  J"  r  fa  ds.  ~  =  2  iz  fsrdx  =  nfA, 

in  which  f  is  the  average  unit  friction  and  A  is  the  area  of 
the  longitudinal  section  of  the  solid  of  revolution. 

Let  us  now  apply  this  formula  to  compute  the  resistance 
of  the  Zeppelin  balloon  at  a  speed  of,  say,  10  feet  a  second. 
The  balloon  is  a  cylinder,  with  ogival  ends  of  1.5  calibers ; 
the  length  is  390  feet ;  the  diameter  is  39  feet.  Hence  the 
longitudinal  section  may  be  taken  as  roughly  equivalent  to 
a  rectangle  39  feet  wide  by  350  feet  long,  the  area  being 
13,650  square  feet,  approximately.  Now,  the  average  fric¬ 
tion  on  a  plane  surface  350  feet  long,  at  10  feet  a  second,  is 
0.000366  of  a  pound  per  square  foot.  Hence,  by  the  formula 
just  established,  R  =  n  f  A,  the  skin-friction  on  the  entire 
convex  surface  is  0.000366  X  13,650  X  3.1416  =  15.7  pounds. 
The  pure  head  resistance  of  prow  and  stern  is  about  61.6 
pounds,  as  determined  by  the  writer’s  unpublished  experi¬ 
ments  on  spindles.  Hence  the  total  resistance  of  the  balloon 
is  77.3  pounds,  approximately,  and  thus  the  friction  is  about 
20  per  cent,  of  the  whole  resistance. 

The  value  just  computed  of  the  ratio  of  friction  to  total 
resistance  seems  very  small,  but  that  is  because  the  balloon 
is  so  blunt-ended.  If,  however,  the  cylindrical  part  be  pro¬ 
vided  with  a  two-caliber  prow  and  nine-caliber  stern,  the  re¬ 
sistance,  figured  as  in  the  last  paragraph,  would  be :  Fric¬ 
tion,  16.5  pounds ;  pure  head  resistance,  15.6  pounds  ;  total 
resistance,  33.1  pounds.  Thus  the  friction  is  about  one-half 
of  the  entire  resistance. 

Analyzing  in  a  similar  way  the  resistance  of  street  cars 
and  railway  trains,  it  is  seen  that  for  a  short,  blunt  car  the 
skin-friction  is  of  small  consequence ;  for  a  long  train  it  may 
equal,  or  exceed,  the  head  resistance.  When  cars  are  run  at 
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a  very  high  speed,  as  on  the  Marienfelde  Zossen  Electric 
Railway,  the  chief  resistance  is  due  to  the  air,  since  the 
road-bed  has  to  be  very  smooth  and  well  balanced.  In  such 
cases  economy  would  seem  to  require  that  the  cars  should, 
like  navigable  balloons,  be  designed  in  accordance  with 
established  aerodynamic  principles. 
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MARCUS  BAKER. 

1849-1903. 

[Read  before  the  Society,  February  18,  1905.] 

The  subject  of  this  memoir  was  bom  on  a  farm  near  Kal¬ 
amazoo,  Michigan,  September  23, 1849.  One  of  his  ancestors 
on  the  father’s  side  settled  near  Lynn,  Massachusetts,  in  1630, 
but  from  what  part  of  England  he  came  is  not  recorded. 
The  father  of  Marcus  Baker  was  John  Baker,  born  at  West- 
hampton,  Massachusetts,  November  20,  1814,  and  who  died 
at  Kalamazoo  July  3,  1883.  He  came  to  Kalamazoo  about 
1837,  and  some  ten  years  later  married  Chastina  Fobes,  or 
Forbes,  born  at  Mexico,  New  York,  August  4,  1824.  John 
Baker,  like  many  of  the  pioneers,  lived  chiefly  by  his  farm, 
but  turned  his  hand  to  various  things ;  was  interested  in 
politics  and  at  one  time  sheriff  of  the  county  in  which  Kal¬ 
amazoo  is  the  chief  town.  For  many  years  after  the  popu¬ 
lation  had  passed  the  number  which  was  regarded  as  entitling 
the  people  to  ask  for  a  city  charter  Kalamazoo  retained  the 
village  form  of  government,  and  was  proud  of  being  the 
largest  village,  in  a  legal  sense,  in  the  United  States.  The 
greater  interest  in  public  affairs  incited  by  the  simpler  gov¬ 
ernment,  in  which  every  adult  citizen  might  at  town  meet¬ 
ing  express  his  opinion  on  any  proposed  measure,  may  have 
had  something  to  do  with  the  high  average  intelligence  of 
the  community,  in  which  a  local  college,  still  flourishing, 
was  established  at  an  early  date. 

Marcus  Baker  was  the  third  child  of  his  parents,  and  at 
the  usual  age  attended  the  district  school  and  later  the 
Kalamazoo  public  schools  and  the  preparatory  school  of 
Kalamazoo  College.  He  entered  the  latter  institution  in 
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1866,  remaining  until  1868,  when  he  entered  Michigan  Uni¬ 
versity,  at  Ann  Arbor,  near  the  end  of  the  sophomore  year, 
taking  his  A.  B.  in  1870  and  six  years  later  received  the 
master’s  degree. 

His  mathematical  tastes  were  marked  and  led  to  his  selec¬ 
tion,  shortly  after  his  graduation,  for  the  post  of  professor  of 
mathematics  at  Albion  College,  at  that  time  a  small  denom¬ 
inational  institution  at  Albion,  Michigan.  Here  the  pro¬ 
fessors  were  expected  to  take  part  in  the  religious,  as  well  as 
intellectual,  training  of  the  students  under  their  care,  and 
had  neither  time  nor  opportunity  for  the  cultivation  of  their 
own  minds  or  the  carrying  on  of  any  researches  of  an  orig¬ 
inal  nature.  Weary  of  this  unintellectual  atmosphere,  he 
welcomed  the  opportunity  to  return  to  the  University  of 
Michigan  in  the  autumn  of  1871  as  instructor  in  mathematics, 
with  an  opportunity  for  pursuing  his  own  mathematical  and 
astronomical  studies  under  the  kindly  and  stimulating  in¬ 
fluence  of  the  distinguished  James  C.  Watson,  professor  of 
astronomy.  In  this  congenial  environment  young  Baker 
remained  until  March,  1873. 

At  this  time  the  United  States  Coast  Survey  had  been 
maintaining  for  several  years  a  reconnaissance  survey  of  the 
Alaskan  coast  and  the  Aleutian  Islands.  The  commerce  of 
that  region  had  been  growing,  and  it  was  desirable  that 
prominent  points  on  the  main  lines  of  travel  should  have 
their  position  fixed,  that  the  variation  of  the  magnetic  nee¬ 
dle  in  this  district  should  be  better  known,  that  harbors  of 
refuge  or  resort  should  be  delineated  by  charts  of  modern 
construction,  and  that  as  much  information  useful  to  navi¬ 
gators  as  could  be  gathered  should  be  available  for  the 
preparation  of  a  new  Coast  Pilot. 

The  work,  under  the  direction  of  the  present  writer,  was 
carried  on  in  a  small  sailing  vessel.  The  region  was  practi¬ 
cally  uncharted,  the  existing  charts  known  to  he  most  im¬ 
perfect,  the  unsurveyed  waters  known  to  be  bristling  with 
rocks  and  shoals,  the  region  one  of  the  foggiest  and  most 
tempestuous  in  any  ocean.  The  first  cruise  lasted  thirteen 
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months,  during  which  time  two  mails  from  civilization  were 
received.  The  country  was  generally  regarded  at  that  time 
as  a  wilderness  of  ice  and  fog.  The  scientific  party  com¬ 
prised  four  persons,  of  whom  one  was  an  “  astronomical 
aid  ”  in  the  terminology  of  the  Coast  Survey.  For  the  first 
cruise,  lasting  from  August,  1871,  to  November,  1872,  a 
pupil  of  Watson’s  had  filled  this  post.  No  one  was  likely  to 
volunteer  for  it  after  Mr.  Harrington’s  resignation  unless 
he  was  possessed  of  a  more  than  usually  adventurous  tem¬ 
perament  and  a  real  interest  in  the  work  for  which  the 
party  was  organized.  The  authorities  of  the  Survey  again 
applied  to  Watson,  who  cordially  recommended  Mr.  Baker, 
and^in  March,  1873,  he  left  Ann  Arbor  for  Washington, 
where  he  received  his  commission  and  instructions.  Shortly 
afterward  he  joined  the  party  in  San  Francisco,  and  sailed 
for  Alaska  on  the  surveying  cutter  Yukon  April  28,  reach¬ 
ing  Unalaska,  in  the  Aleutian  Islands,  on  the  20th  of  May. 
Penned  up  for  months  together  in  a  little  cabin,  one  soon 
comes  to  know  the  inmost  qualities  of  one’s  associates.  The 
conventional  barriers  of  life  in  civilized  regions  are  absent, 
and  a  man  stands  on  his  actual  merits  as  a  social  being. 

Baker’s  first  glimpse  of  the  ocean  was  taken  through  the 
Golden  Gate.  His  unaffected  interest  in  the  novel  sur¬ 
roundings,  lively  enthusiasm,  kindly  and  cheerful  nature, 
and  absence  of  egotism  captured  the  affections  of  all  his 
companions,  and  the  friendships  which  sprang  up  between 
them  in  every  instance  endured  unshadowed  and  unbroken 
until  severed  by  death. 

Well  grounded  in  mathematics  and  theoretical  astron¬ 
omy,  he  soon  mastered  the  difficulties  of  the  transition  from 
theory  to  practice  in  field  astronomy.  The  work  was  very 
different  from  the  ordinary  surveying  as  carried  on  in  an 
average  climate. 

The  stars  were  invisible  a  large  part  of  the  summer  owing 
to  the  high  latitude.  The  sun  was  almost  constantly  veiled 
by  fog  or  clouds,  and  advantage  had,  to  be  taken  of  every 
gleam  of  sunshine  to  obtain  the  most  simple  and  neces- 
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sary  observations  for  time,  latitude,  and  azimuth.  Often 
with  instruments  set  up  and  covered  with  oiled  canvas,  we 
have  waited  hours  in  the  persistent  drizzle,  hoping  that  the 
sun  might  break  through  the  clouds  for  a  few  minutes. 
There  were  no  limits  to  the  day’s  work  except  those  set  by 
the  climate  and  its  caprices.  Through  three  years  of  such 
experience  Mr.  Baker  was  ever  cheery,  ever  full  of  expedients 
to  circumvent  the  perversities  of  the  meteorological  environ¬ 
ment,  and  the  full  measure  of  success  achieved  was  largely 
due  to  him. 

Early  in  the  prosecution  of  our  work  I  had  noticed  that 
the  culmination  of  easterly  variation  of  the  magnetic  needle 
in  this  region  for  the  nineteenth  century  appeared  to  have 
passed,  and  that  the  easterly  declination  was  annually  dimin¬ 
ishing  by  a  small  but  very  perceptible  amount.  To  Mr.  Baker 
was  given  the  task  of  making  the  numerous  local  observa¬ 
tions  by  which  this  important  discovery  might  be  firmly 
established. 

On  our  return  to  civilization  began  the  task  of  utilizing 
the  material  obtained,  by  preparing  it  for  the  use  of  naviga¬ 
tors  in  the  form  of  charts,  meteorological  and  tidal  tables, 
and  a  Coast  Pilot.  Owing  to  the  little-known  character  of 
the  country,  the  importance  of  bringing  together  the  infor¬ 
mation  scattered  through  scores  of  voyages,  atlases,  and 
charts  was  very  great.  A  series  of  summaries  was  planned — 
a  Coast  Pilot  for  details  of  navigation,  the  meteorology ;  the 
observations  of  terrestrial  magnetism,  and  a  bibliography  of 
charts,  maps,  and  publications  on  Alaska  and  the  adjoining 
region. 

The  field  work  being  interrupted  in  the  winter  of  1874- 
1875,  office  work  as  above  outlined  began  and  was  carried  on 
until  1880,  when  another  season  in  the  field  brought  that 
part  of  the  work  to  a  close  and  enabled  us  to  proceed  to 
publication  with  the  results. 

In  all  the  labor  which  this  involved  Mr.  Baker  proved  an 
efficient  coadjutor,  obtaining  meanwhile  a  training  which 
was  to  prove  most  important  for  his  career  at  a  later  period. 
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The  collection  and  reduction  of  terrestrial  magnetic  obser¬ 
vations  taken  from  1740  to  1880  was  almost  wholly  his 
work,  and  from  this  manuscript  (still  unpublished  in  1904) 
Mr.  C.  A.  Schott  derived  nearly  all  of  the  data  for  Alaska 
which  he  utilized  in  his  important  series  of  papers  on  the 
variation  in  the  amount  of  declination  of  the  magnetic 
needle  during  long  periods  of  years. 

On  his  first  return  from  the  Pacific  coast  Mr.  Baker  mar¬ 
ried,  at  Climax,  Kansas,  Sarah  Elizabeth  Eldred,  December 
13,  1874.  This  lady  had  been  a  collegemate  of  her  husband 
at  Kalamazoo,  and  her  good  judgment,  practical  sense,  and 
affectionate  care  throughout  their  married  life  demonstrated 
the  wisdom  of  his  choice. 

After  the  return  of  the  party  in  1880  and  the  completion 
of  the  computations  of  field  work  there  was  less  to  be  done 
in  connection  with  Alaskan  matters.  The  Coast  Survey 
decided  to  establish  a  station  for  self-registering  magnetic 
instruments  at  Los  Angeles,  California.  His  interest  in  and 
grasp  of  magnetic  problems  had  been  appreciated  by  Schott 
and  others,  and  Mr.  Baker  was  placed  in  charge  of  the 
station,  leaving  Washington  for  Los  Angeles  July  26,  1882. 
Here  he  remained  two  years,  and  the  work  done  proved 
eminently  satisfactory  to  the  authorities  of  the  Survey. 

While  in  Los  Angeles  Mr.  Baker,  moved  by  appreciative 
memories,  interested  a  number  of  residents  and  succeeded 
in  causing  the  organization  of  an  Historical  Society  for 
Southern  California,  on  the  same  lines  as  the  Philosophical 
Society  of  Washington,  and  served  as  its  secretary  during 
the  remainder  of  his  residence  on  the  Pacific  Coast.  This 
society  has  lived  and  is  still  active,  having  published 
several  useful  volumes  of  its  proceedings. 

August  1, 1884,  Mr.  Baker  was  recalled  to  Washington,  and 
shortly  afterward  was,  at  his  own  request,  transferred  to  the 
United  States  Geological  Survey,  then  under  the  direction  of 
the  late  Major  J.  W.  Powell.  Here  his  activities  were  chiefly 
concerned  with  the  topographic  and  other  charts  and  maps 
issued  by  the  Survey.  He  was  appointed  one  of  the  Board 
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on  Geographic  Names,  formed  by  President  Harrison,  to 
regulate  and  harmonize  the  nomenclature  used  in  official 
publications.  Of  this  body  he  was  one  of  the  best  informed 
and  most  efficient  members.  During  the  intervals  of  other 
work  he  compiled  the  data  for  a  Dictionary  of  Alaskan 
Geographic  Names,  afterward  published  by  the  Survey,  a 
work  entailing  an  immense  amount  of  scrutiny  of  books 
and  charts,  and  which  has  served  a  most  useful  purpose  in 
promoting  an  intelligent  selection  by  modern  geographers 
from  the  tangled  and  discrepant  nomenclature  which  pre¬ 
ceded  the  American  occupation  of  the  region. 

With  the  appointment  of  the  Venezuela  Commission  to 
report  on  the  facts  in  the  controversy  between  Great  Britain 
and  Venezuela  it  became  necessary  for  the  commission  to 
secure  the  services  of  an  expert  geographer.  Early  in  1896 
Mr.  Baker  was  asked  to  assist  the  commission  temporarily. 
His  services  were  so  acceptable  that  he  was,  at  their  request, 
detailed  for  work  with  the  commission  May  11, 1896,  remain¬ 
ing  with  them  almost  exactly  a  year,  during  which  he  was 
engaged  on  historical  and  geographical  investigations  bear¬ 
ing  on  the  cartography  and  boundary  claims  of  Venezuela 
and  adjacent  countries  in  northern  South  America.  About 
this  time  Mrs.  Baker  fell  into  declining  health,  and  during  a 
long  and  trying  illness  was  the  object  of  a  patient,  loving, 
and  assiduous  attention  which  will  not  soon  be  forgotten  by 
those  whose  intimacy  with  the  family  gave  them  opportuni¬ 
ties  for  observation.  She  died  December  29,  1897. 

The  suspension  of  the  Venezuela  Commission,  due  to  the 
acceptance  of  arbitration  by  Great  Britain,  allowed  Mr. 
Baker  to  return  to  the  work  of  the  Geological  Survey  in 
May,  1897,  but  when  the  preliminaries  of  the  Paris  arbitra¬ 
tion  had  been  arranged  he  was  recalled  by  those  having 
charge  of  the  interests  of  Venezuela  to  assist  the  commis¬ 
sion  and  its  counsel,  Mr.  Mallet-Prevost,  in  the  preparation 
of  the  historical  and  geographical  statement  which  formed 
the  basis  of  the  Venezuelan  claims.  The  historical  atlas  he 
prepared  and  the  volumes  he  saw  through  the  press  while 
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in  the  service  of  the  commission  would  alone  form  a  strik¬ 
ing  and  worthy  monument  to  any  geographer.  This  service 
lasted  from  December  24,  1898,  until  the  conclusion  of  the 
arbitration,  the  following  year,  and  involved  a  journey  to 
Paris  and  residence  there  during  the  hearing  of  the  case. 

May  25,  1899,  he  married  Marian  Una  Strong,  of  Kala¬ 
mazoo,  Michigan. 

His  work  with  the  Survey  was  resumed,  and  much  of  his 
time  was  given  to  the  completion  and  publication  of  his 
valuable  and  comprehensive  Dictionary  of  Alaskan  Geo¬ 
graphic  Names,  which  was  issued  in  1902,  and  on  a  discus¬ 
sion  of  the  Northwest  Boundary  Surveys  of  the  United  States, 
1857-1861,  which  appeared  in  1900,  both  as  bulletins  of  the 
Survey. 

With  the  organization  of  the  Carnegie  Institution,  in  1902, 
it  became  necessary  to  have  an  executive  officer  who  should 
receive  and  handle  the  immense  volume  of  correspondence 
which  began  to  pour  in,  should  systematize  the  office  work, 
act  as  editor  and  proof-reader  of  the  publications,  and  assist¬ 
ant  secretary  of  the  governing  board.  The  choice  fell  upon 
Mr.  Baker  as  the  best  qualified  man  available,  and  he  was 
appointed  to  the  post  February  8,  1902. 

The  amount  of  labor  involved  was  very  great,  exclusive 
of  the  preliminary  organization,  as  is  shown  by  the  fact  that, 
after  losing  Mr.  Baker,  it  was  found  necessary  to  divide  the 
work  and  appoint  two  officers  to  do  that  which  had  been 
required  of  him  single  handed.  His  friends  saw  evidences 
of  failing  strength  and  remonstrated  with  him  on  his  habit 
of  overworking,  but  this  habit  and  the  high  spirit  which  had 
always  sustained  him  were  too  strong  to  be  controlled.  The 
labor  of  preparing  for  publication  the  first  annual  report  of 
the  institution  was  very  great,  and  was  added  to  the  current 
routine,  of  itself  too  heavy  a  burden.  A  sudden  illness 
seized  him,  and  he  died  very  unexpectedly  Saturday  morn¬ 
ing,  December  12,  1903,  leaving  two  young  children  with 
his  wife  to  mourn  his  loss,  beside  a  host  of  devoted  friends? 
many  of  whom  had  not  even  known  that  he  was  ill. 


284 


OBITUARY  NOTICES. 


We  have  given  above  an  outline  of  what  may  be  termed 
the  official  side  of  Mr.  Baker’s  life  and  labors,  but  this  in¬ 
cludes  only  a  portion  of  his  activities. 

During  his  service  with  the  Geological  Survey  he  took  a 
course  of  law  at  the  Columbian  University  and  received  the 
degree  of  Bachelor  of  Laws  in  1896.  He  was  associated  with 
the  Archaeological,  Geographic,  Geological,  Historical,  and 
Philosophical  societies  of  Washington,  and  in  the  G  eographic, 
Philosophical,  and  Historical  societies  he  was  engaged  in 
the  work  of  these  organizations.  He  was  one  of  the  original 
incorporators  of  the  National  Geographic  Society,  in  1888, 
and  served  continuously  on  the  governing  board  until  his 
death.  Early  in  his  residence  in  Washington  he  became  a 
member  of  the  Philosophical  Society  and  served  for  years  on 
its  committee  of  publication  and  other  committees  with 
cheerful  zeal.  He  was  elected  President  of  the  Society  for 
1897. 

For  a  number  of  years  he  undertook  the  editorial  duties 
of  the  Directory  of  the  Scientific  Societies  of  Washington, 
afterward  the  Directory  of  the  Academy,  constituted  by  their 
affiliation,  and  of  which  he  was  a  member. 

During  the  walks  which  he  enjoyed  as  his  chief  relaxation 
he  became  interested  in  the  stones  which  had  been  erected 
to  mark  the  boundary  of  the  District  of  Columbia  more 
than  a  century  ago,  and  sought  out  the  location  and  re¬ 
corded  the  condition  of  those  remaining  and  the  fate  of 
those  which  negligence  or  ignorance  had  caused  to  disap¬ 
pear,  preparing  an  interesting  historical  account  of  these 
monuments. 

In  addition  to  these  activities,  his  good  judgment  and 
business  ability  were  recognized  by  his  being  elected  a  di¬ 
rector  of  the  Equitable  Building  Association,  a  position  which 
he  held  for  a  number  of  years.  He  was  also  a  director  of 
the  Sanitary  Improvement  Company,  organized  for  the  con¬ 
struction  of  sanitary  dwellings  to  be  rented  to  men  of  small 
means  at  a  reasonable  rental. 
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During  the  years  when  duties  had  not  pressed  too  heavily 
upon  him  he  enjoyed  solving  mathematical  problems,  many 
of  which  he  contributed  to  various  mathematical  period¬ 
icals,  and  he  also  was  interested  in  collecting  these  period¬ 
icals,  and  especially  the  older  ones  and  certain  almanacs,  in 
which  space  was  given  to  problems  and  their  solution. 

He  was  of  a  peculiarly  cheery  and  lovable  disposition, 
devoted  to  young  people,  and  always  ready  to  give  of  his 
time  to  assist  them  in  their  lessons  or  explain  in  lucid  fash¬ 
ion  some  obscure  passage  in  arithmetic  or  science.  He  was 
never  affluent,  but  always  generous,  and  gave  of  his  means 
freely  toward  the  education  of  younger  brothers,  nephews, 
and  nieces. 

After  an  intimate  acquaintance  extending  over  thirty 
years  the  writer  hesitates  to  express  his  estimate  of  Mr. 
Baker’s  attractive  attributes  and  fine  character  lest  it  should 
seem  merely  the  eulogistic  exaggeration  due  to  personal 
friendship  and  the  feelings  of  regret  common  to  humanity 
when  those  we  hold  dear  have  passed  beyond  the  veil ;  but 
he  feels  that  reticence  in  this  case  robs  the  departed  of  none 
of  his  just  dues,  since  every  member  of  the  Philosophical 
Society  during  the  long  period  of  Mr.  Baker’s  membership 
has  known  the  qualities  by  which  he  was  characterized  and 
can  supply  from  his  own  consciousness  and  sense  of  loss 
that  eulogy  which  is  here  withheld.  His  life  and  labors 
speak  more  eloquently  than  a  biographer,  for  we  all  know 
that  he  was  never  weary  of  welldoing  and  was  worthy  of  the 
reward  which  shall  come  to  every  man  who  hath  kept  his 
soul  unspotted  from  the  world. 

William  Healey  Dall. 
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EDWARD  CLARK. 

1822-1902. 

[Read  before  the  Society,  May  23,  1903.] 

Edward  Clark  was  born  in  Philadelphia  August  15,  1822, 
and  died  in  Washington  January  6,  1902.  Being  an  old 
friend  and  in  sympathy  with  the  thought  and  labors  of  the 
founders  of  the  Philosophical  Society,  he  was  elected  to  its 
membership  February  24, 1877,  and  continued  therein  until 
his  death,  but  rarely,  if  at  all,  attended  its  meetings,  and 
then  only  in  the  earlier  years. 

He  was  descended  from  a  notable  ancestry  beginning  in 
Lancashire,  England,  thence  passing  to  Ireland,  where  his 
grandfather  was  born,  in  Dublin,  came  in  his  manhood  to 
America,  and  settled  in  Lancaster,  Pennsylvania. 

James,  the  father  of  Edward  Clark,  was  an  architect  in 
Philadelphia.  His  uncle  Thomas  entered  the  army,  served 
in  the  war  of  1812,  and  later  was  a  captain  in  the  Corps  of 
Engineers,  but  resigned  soon  after  the  war  and  devoted  the 
remainder  of  his  life  to  study  and  authorship,  largely  in  the 
Greek  and  Latin  classics.  His  works  are  to  be  found  in  the 
Library  of  Congress. 

Edward’s  mother  was  Mary  Cottman.  His  education 
was  obtained  in  the  public  schools  and  academies  of  Phila¬ 
delphia,  but  chiefly  under  the  direction  of  his  uncle  Thomas. 
His  father  instructed  him  in  free-hand  drawing,  and  at  an 
early  age  he  entered  the  office  of  the  architect  Thomas  U. 
Walter  in  Philadelphia,  where  he  acquired  training  in 
architecture  and  experience  in  buildings  on  which  Mr. 
Walter  was  engaged,  among  them  that  for  Girard  College. 
Later  he  worked  on  Mr.  Walter’s  competitive  designs  for 
the  extension  of  the  United  States  Capitol,  and  when  these 
were  finally  successful  and  accepted  by  President  Fillmore, 
and  Mr.  Walter  received  the  appointment  of  Architect  of 
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the  Capitol  extension,  Mr.  Clark  was  brought  by  him  to 
Washington  as  his  assistant  and  superintendent. 

This  occurred  in  1851,  when  Mr.  Clark  was  29  years  old, 
and  destiny  held  him  here  in  constant  connection  with  that 
world-renowned  edifice  until  the  day  of  his  death,  51  years 
afterward. 

On  July  4, 1851,  the  corner-stone  of  the  Capitol  extension 
was  laid  with  due  ceremony  under  arrangements  of  which 
he  had  immediate  supervision. 

While  engaged  during  the  ’50’s  on  the  Capitol  he  also 
superintended,  under  Mr.  Walter,  the  extension  of  the  Patent 
Office  building  and  the  construction  of  the  new  general 
Post-Office  building  opposite. 

During  the  Civil  War  work  on  the  Capitol  was  at  times 
suspended,  and  in  the  intervals  and  under  the  critical  and 
exciting  conditions  then  prevailing  in  the  community  Mr. 
Clark  had  charge  of  the  construction  of  all  military  hos¬ 
pitals  and  barracks  in  the  District,  with  sometimes  five 
thousand  men  at  work  under  him,  and  also  acted  as  Con¬ 
sulting  Architect  to  the  Quartermaster  General  of  the  Army. 
Otherwise  the  work  on  the  Capitol  extension  northward  and 
southward  and  on  the  great  new  dome,  beginning  in  1851, 
continued  without  important  interruption  until  finished,  in 
1867. 

Mr.  Walter  resigned  in  1865,  and  on  his  recommendation 
Mr.  Clark  was  appointed  his  successor,  with  the  same  title 
of  Architect  of  the  Capitol  extension,  which  continued  prac¬ 
tically  unchanged  until  his  death.  In  this  capacity  he  had 
charge  of  the  care  and  maintenance  of  the  Capitol  and 
grounds  and  all  work  of  repair  and  improvement.  The 
building  itself  has  remained  essentially  unchanged,  except¬ 
ing  some  minor  interior  alterations ;  but  Mr.  Clark  carried 
out  during  his  long  term  of  office  the  designs  of  the  eminent 
landscape  architect,  Frederick  Law  Olmsted,  for  the  beauti¬ 
ful  and  extensive  system  of  dwarf  walls, 'drives,  and  walks 
throughout  the  Capitol  park  and  the  marble  terrace  around 
the  north,  west,  and  south  sides  of  the  building. 
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Down  to  the  beginning  of  this  period,  1865,  passenger 
elevators,  scientific  plumbing,  house  sanitation,  and  electric 
apparatus,  other  than  simple  call-bells  and  the  telegraph, 
belonged  to  the  realm  of  the  unknown  ;  but  in  the  succeed¬ 
ing  years  they  appeared  rapidly  and  with  yet  more  rapid 
development,  and  imperatively  demanded  installation  in  the 
massive,  stately,  and  resisting  old-fashioned  building.  It 
was  Mr.  Clark’s  difficult  duty  to  make  way  for  them  with 
dispatch  and  the  least  architectural  or  structural  injury  to  the 
building,  although,  under  the  conditions  and  the  demands 
of  the  legislative  occupants,  not  very  successful  in  some 
instances. 

These  things,  however,  were  but  incidents  in  the  never- 
ending  routine  work  of  keeping  the  great  building  in  order 
throughout  its  multitude  of  halls,  rooms,  vaults,  attics,  stair¬ 
ways,  nooks,  corners,  and  recesses,  all  actively  occupied  and 
often  crowded  for  multifarious  uses,  and  with  more  or  less 
divided  responsibility  between  the  Senate,  the  House  of 
Representatives,  the  Supreme  Court,  the  Library,  and  Mr. 
Clark’s  own  office.  Alterations,  repairs,  frequent  changes  of 
occupation  and  furniture,  and  the  consequent  demands  for 
immediate  attention  from  many  distinct  and  often  rival  in¬ 
terests  by  men  not  always  thoughtful  and  considerate  of  the 
feelings  and  strength  of  the  Architect  of  the  Capitol,  but 
often  quite  the  reverse,  were  some  of  the  vexing  and  over¬ 
bearing  conditions  under  which  he  labored.  Few  competent 
and  earnest  men  are  constituted  as  Mr.  Clark  was  to  retain 
his  position  and  live  a  long  life  in  such  an  environment. 
The  secret  lay  in  his  quiet  command  of  temper  and  long 
familiarity  with  the  situation.  Congressmen  would  uncere¬ 
moniously  stride  in  upon  him,  soliciting  personal  favors, 
preferring  complaints,  or  making  threats,  not  always  in  the 
most  polite  language.  The  writer  happened  to  be  present 
on  one  such  occasion  when  the  caller  poured  on  his  innocent 
head  the  most  violent,  abusive,  and  threatening  language 
and  then  marched  out  with  his  cigar  at  fortj^-five  degrees 
elevation.  When  asked  afterward  why  he  had  sat  mute 
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and  unruffled  and  had  so  completely  restrained  the  toe  of 
his  boot,  a  faint  smile  and  shake  of  the  head  revealed  the 
imperturbable  temper,  charity,  and  long  experience  that 
were  his  constant  protection. 

Of  course,  such  a  man  was  possessed  of  many  deserved 
friends  in  Congress.  Nevertheless,  when  we  are  told  that 
man  cannot  serve  even  so  few  as  two  masters,  with  what  awe 
must  we  contemplate  this  man  who  succeeded  in  serving  a 
hundredfold  more  for  thirty-seven  years,  and  then  at  his 
death  left  not  only  no  enemies,  but  many  more  friends  and 
admirers  than  fall  to  the  lot  of  most  men. 

Unaggressive  and  more  disposed  and  accustomed  to  follow 
and  obey  than  to  lead,  thoroughly  constant,  faithful,  and 
industrious,  and  always  approachable,  he  quietly  went  about 
his  duty  with  a  pleasant  face  and  a  kindly  smile  of  recog¬ 
nition  for  every  one  about  him  to  the  end  of  his  long  life. 

Nearly  all  his  time  was  devoted,  from  first  to  last,  to  the 
duties  of  his  office  and  the  remainder  to  a  sweet  and  modest 
life  with  his  library  and  family  friends  at  home. 

Confidence  in  his  ability  and  integrity  was  widespread. 
The  extent  of  it  was  illustrated  by  an  invitation  from  the 
State  Capitol  Commission  of  Iowa  to  revise  the  plans  of  their 
proposed  building,  which  he  did  to  their  great  satisfaction. 
Congress  showed  its  regard  for  his  integrity,  good  judgment, 
and  knowledge  of  fine  art  by  constantly  consulting  him 
through  committees  or  individual  members  and  placing 
him  on  most  of  the  commissions  designated  by  Congress 
charged  with  such  matters.  These  included  works  of  art, 
buildings,  and  monuments  of  all  kinds.  The  construction, 
remodeling,  and  repair  of  many  such  works  in  the  District 
were  put  in  his  charge  by  law,  but  singularly  without  ad¬ 
ditional  compensation  beyond  the  regular  salary  of  Archi¬ 
tect  of  the  Capitol.  All  this  was  thus  added  gratuitously  to 
his  multifarious  duties  and  innumerable  personal  consulta¬ 
tions  within  the  Capitol  concerning  the  hundred  and  one 
details  of  the  great  building  and  its  grounds  and  the  numer¬ 
ous  rooms  and  conveniences  of  the  committees  of  Congress. 
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One  of  the  prominent  commissions  of  which  Mr.  Clark 
was  a  member  was  that  named  in  the  act  of  August  2 , 1876, 
for  the  completion  of  the  Washington  National  Monument, 
of  which  the  other  members  were  the  President,  the  Chief 
of  Engineers  of  the  Army,  the  Supervising  Architect  of  the 
Treasury,  and  the  first  vice-president  (Mr.  Corcoran)  of  the 
Washington  National  Monument  Society,  and  on  which  he 
served  until  the  monument  was  finished. 

Another  of  these  commissions  of  which  he  was  a  member 
was  that  for  the  construction  of  the  building  for  the  Library 
of  Congress,  under  whom  the  work  was  begun  in  1887-1888. 
The  other  members  were  the  Secretary  of  the  Interior  and 
the  Librarian  of  Congress. 

At  the  time  of  his  death  Mr.  Clark  was  a  fellow  of  the 
Clarendon  Historical  Society  of  Edinburgh  and  of  the  Amer¬ 
ican  Institute  of  Architects,  and  a  member  of  the  Archaeo¬ 
logical  Institute  of  America,  the  American  Association  for 
the  Advancement  of  Science,  the  Franklin  Institute,  the 
Washington  National  Monument  Society,  and  the  American 
Forestry  Association,  as  well  as  the  Philosophical  Society. 

He  was  also  a  trustee  of  the  Corcoran  Gallery  of  Art  and 
the  only  surviving  member  of  the  original  board  of  trustees 
of  that  institution,  having  been  a  close  friend  of  the  founder, 
William  W.  Corcoran.  He  served  for  years  on  the  art  commit¬ 
tee  and  was  chairman  of  the  special  committee  in  charge  of 
the  erection  of  the  present  New  Gallery.  In  business  inter¬ 
ests  in  the  city  he  was  president  for  many  years  of  the  Na¬ 
tional  Metropolitan  Fire  Insurance  Company,  and  as  a  citizen 
gave  much  more  than  his  full  share  of  private  and  public 
aid  to  charity,  including  his  valuable  architectural  services 
in  connection  with  buildings  for  charitable  institutions. 

Trained  in  boyhood  by  his  uncle  Thomas  to  read  and 
appreciate  books,  he  became  and  continued  an  extensive 
reader,  and  his  love  of  and  acquaintance  with  architect¬ 
ure  and  literature  was  attested  by  the  possession  of  a  con¬ 
siderable  private  library,  which  included  the  works  of  sev¬ 
eral  prominent  authors  who  were  his  personal  friends.  A 
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lover  of  music  and  a  flute-player  from  his  youth  up,  he  was 
a  student  and  collector  of  its  scores  and  literature,  and  left 
to  his  descendants  probably  one  of  the  largest  private  mu¬ 
sical  collections  in  Washington. 

Possessing  withal  an  excellent  memory  and  a  minute 
knowledge  of  every  historical  and  interesting  detail  of  the 
great,  complex  Capitol  building  and  its  contents,  he  was  al¬ 
ways  able  to  call  up  facts  and  incidents  to  enrich  and  render 
attractive  his  ever  genial  and  instructive  conversation,  often 
in  a  vein  of  quiet  humor.  Although  he  never  traveled  in 
foreign  countries,  he  had  learned  more  of  them  than  most 
travelers  do. 

His  health  was  always  excellent  until  within  his  last  few 
years,  when,  through  a  growing  paralysis  affecting  his  limbs 
and  especially  his  speech,  rendering  him  practically  mute, 
he  was  obliged,  two  years  before  his  death,  to  relinquish  the 
more  active  performance  of  his  duties  at  the  Capitol.  His 
mind  continued  clear,  however,  and  he  daily  visited  and 
spent  several  hours  in  his  office  actually  directing  affairs 
through  the  skill  and  devotion  of  his  able  assistants,  though 
unable  either  to  speak  or  write,  until  four  days  before  he 
died,  at  the  age  of  80  years. 

His  conspicuous  public  position  at  the  Capitol  and  his 
wide  range  of  duties,  ably  and  honestly  performed  in  this 
vicinity  for  so  long  a  period,  made  him  naturally  one  of  the 
best  and  most  favorably  known  men  in  the  District  of  Co¬ 
lumbia  and  the  United  States. 

In  1860  Mr.  Clark  married  Miss  Eveline  F.  Freeman, 
daughter  of  Watson  Freeman,  of  Boston,  United  States  mar¬ 
shal  of  Massachusetts  under  Presidents  Pierce  and  Buchanan. 
Her  death  preceded  his  by  five  years.  Their  children,  all 
still  living,  are  two  sons  and  two  daughters. 
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WILLIAM  HARKNESS. 

1837-1903. 

[Read  before  the  Society,  May  23,  1903.] 

William  Harkness,  Professor  of  Mathematics,  U.  S.  N.,  the 
son  of  Rev.  Dr.  James  and  Jane  (Weild)  Harkness,  was  born 
at  Ecclefechan,  Scotland,  on  December  17,  1837,  and  died 
in  J ersey  City,  Ne  w  J ersey ,  on  F ebruary  23,1903.  He  was  one 
of  the  founders  of  this  Society,  its  President  in  1887,  a  constant 
attendant  upon  its  sessions,  contributing  papers  of  value  to 
its  proceedings,  and  participating  in  its  discussions.  He  was 
never  married,  and  for  many  years  made  his  residence  in 
the  rooms  of  the  Cosmos  Club,  of  which  he  was  also  a  founder, 
where  his  genial  society  and  delightful  conversation  was 
freely  enjoyed  by  the  scientific  circle  of  Washington.  He 
made  many  warm  friends  in  his  walk  through  life,  and  their 
personal  sorrow  is  mingled  with  a  widespread  regret  that 
he  was  not  able  to  finish  several  incomplete  pieces  of  work, 
which  had  been  postponed  in  consequence  of  the  burden  of 
duties  devolving  upon  him  as  Astronomical  Director  of  the 
U.  S.  Naval  Observatory  and  Director  of  the  Nautical  Alma¬ 
nac  offices  during  the  last  years  of  his  official  career.  His 
colleagues  expressed  their  ownHeelings  regarding  him  in 
these  words :  “  Throughout  all  his  connection  with  the  Ob¬ 
servatory,  for  37  years  previous  to  his  retirement,  in  1899,  a 
conscientious  faithfulness  even  to  the  minutest  details  char¬ 
acterized  the  performance  of  all  his  duties.  This  adherence 
to  duty  was  so  rigidly  carried  out  by  him  that  he  rarely 
gave  himself  the  occasional  relaxation  so  necessary  to  the, 
recuperation  of  wearied  energies,  which  might  have  added 
years  of  usefulness  to  his  life.  During  the  past  year  it  has 
been  a  special  cause  of  regret  to  him  that  feebleness  of  body 
should  compel  him  to  forego  participation  in  scientific  work, 
meanwhile  continually  hoping  soon  to  recover  strength 
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sufficiently  to  permit  his  return  to  Washington  to  complete 
various  pieces  of  scientific  work.  His  energy  and  faithful¬ 
ness  should  be  emulated  by  all.  His  example  should  spur 
us  on  to  greater  faithfulness,  activity,  and  zeal  in  carrying 
on  labors  commenced  by  him  and  providentially  committed 
to  us  to  continue.” 

William  Harkness  was  a  man  of  the  highest  moral  prin¬ 
ciples,  hating  sham  in  science,  in  society,  and  in  the  state, 
and  freely  expressing  his  appreciation  of  truth  as  he  saw  it. 
He  was  endowed  with  a  mind  of  unusual  penetration  which 
went  to  the  heart  of  scientific  and  social  problems  with  un¬ 
erring  precision,  and  his  memory  of  details  and  facts  made 
his  suggestions  as  to  their  connection  with  general  principles 
valuable  and  instructive.  His  own  tastes  led  him  to  pursue 
astronomy  rather  more  on  the  practical  side  than  on  the 
theoretical,  and  he  was  concerned  with  devising  and  con¬ 
structing  instruments  of  precision  more  than  in  developing 
the  analytical  formulae  of  the  subject.  He  was  a  mathema¬ 
tician  of  ability,  as  his  numerous  memoirs  demonstrate,  but 
he  was  especially  pleased  to  discover  the  formula  which  con¬ 
tained  exactly  the  mechanical  dimensions  and  the  physical 
process  in  compact  form. 

His  work  on  the  “  Solar  parallax  and  its  related  constants,” 
in  which  are  correlated  the  numerous  determinations  of  the 
constantslof  the  solar  system,  and  his  theory  of  the  focal 
curve  of  achromatic  telescopes  are  probably  best  known  to 
science  in  general.  At  the  Observatory  there  is  hardly  a 
piece  of  apparatus  in  use  at  the  present  time  which  is  not 
either  the  work  of  his  mind  or  which  does  not  embody 
essential  features  which  he  suggested.  He  drew  up  the 
specifications  for  constructing  the  12-inch  equatorial  tele¬ 
scope  and  for  remounting  the  26-inch  equatorial,  the  8.5-incli 
transit  circle,  the  meridian  transit,  and  the  prime  vertical 
transit  in  1891,  for  constructing  the  new  6-inch  steel  transit 
circle  in  1894,  and  the  5-inch  steel  alt-azimuth  in  1895.  In 
these  instruments  dials  were  introduced  and  placed  con¬ 
veniently  near  the  observer  to  indicate  the  position  of  the 
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telescope;  the  flexure  of  the  6-inch  transit  circle  and  the 
5-inch  alt-azimuth  instrument  was  reduced  to  a  minimum 
by  using  for  the  tubes  and  axes  single  pieces  of  steel  machined 
on  the  inside  and  the  outside.  In  1875  he  devised  instru¬ 
ments  for  measuring  accurately  the  relative  positions  of 
Venus  and  the  Sun  as  shown  on  the  photographs  taken  dur¬ 
ing  the  transit  of  Venus,  December  9,  1874.  He  invented 
the  spherometer  caliper  in  1877,  which  is  the  most  accurate 
instrument  known  for  determining  the  figure  of  the  pivots 
of  astronomical  instruments.  He  made  extensive  experi¬ 
ments  in  photography  with  the  view  of  determining  the  best 
reagents  and  form  of  apparatus  for  photographing  the  solar 
corona. 

He  took  part  in  numerous  expeditions  for  scientific  and 
astronomical  observations.  In  1865-1866,  on  the  U.  S. 
monitor  Monadnock,  he  studied  the  effect  of  the  iron  armor 
in  modifying  the  magnetic  indications  of  the  compass,  and 
determined  the  magnetic  elements  at  many  ports  in  a  cruise 
from  Philadelphia  around  South  America  to  San  Francisco. 
The  Smithsonian  Institution  published  the  report  on  this 
magnetic  work  in  1871  in  a  quarto  volume  of  225  pages. 
He  observed  the  total  eclipse  of  the  sun,  August  7,  1869,  at 
Des  Moines,  Iowa,  and  there  discovered  the  coronal  line 
K  1474;  the  total  solar  eclipse  of  December  22,  1870,  at 
Syracuse,  Sicily;  the  transit  of  Venus  at  Hobart,  Tasmania, 
on  December  9,  1874;  the  transit  of  Mercury  at  Austin, 
Texas,  May  6,  1878 ;  the  total  solar  eclipse  at  Creston,  Wy¬ 
oming,  July  29,  1878 ;  the  transit  of  Venus  at  Washington, 
D.  C.,  December  6, 1882.  He  was  appointed  a  member  of  the 
U.  S.  Transit  of  Venus  Commission  in  1871 ;  served  on  this 
commission  in  devising  apparatus  and  fitting  out  the  United 
States  expeditions  for  the  transits  of  1874  and  1882  ;  was 
assigned  to  duty  in  1875  for  reducing  the  observations  made 
by  these  parties ;  measured  the  photographic  plates  with  new 
apparatus  ;  published  a  paper  in  1882  on  the  “  Relative  ac¬ 
curacy  of  different  methods  of  determining  the  solar  par¬ 
allax,”  defending  the  continued  use  of  photography ;  and 
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finally,  in  February,  1889,  published  the  resulting  parallax 
as  derived  from  the  discussion  of  these  observations.  In 
1881-1883  he  was  at  work  upon  the  reduction  of  the  zone 
of  stars  observed  by  J.  H.  Gilliss,  Santiago,  Chile,  during 
the  years  1849-1852;  after  some  interruption,  for  lack  of 
funds,  it  was  completed  and  published  in  1895.  In  May, 
1876,  he  set  up  the  government  exhibit  at  the  Centennial 
Exposition,  at  Philadelphia,  Pennsylvania.  His  publications 
cover  reports  on  all  these  numerous  works, besides  many  scien¬ 
tific  papers  in  various  journals.  In  his  travels  he  visited 
nearly  all  countries  of  the  world,  and  acquired  a  very  exten¬ 
sive  knowledge  of  men  and  affairs,  which  molded  his  conver¬ 
sation  and  judgment  in  maturer  years,  as  mentioned  above. 

He  entered  Lafayette  College,  Easton,  Pennsylvania,  in 
1854,  but  removed  with  his  parents  to  Rochester,  New  York, 
and  graduated  with  an  A.  B.  at  the  Rochester  University  in 
1858,  receiving  the  degrees  of  A.M.  in  1861  and  LL.D.  in  1874 
from  his  Alma  Mater;  studied  medicine  in  New  York,  and  re¬ 
ceived  the  degree  of  M.  D.  in  1862  ;  was  a  reporter  on  news¬ 
papers  in  1858  and  1860 ;  was  appointed  aid  in  astronomy  at 
the  U.  S.  Naval  Observatory  August  1, 1862 ;  served  as  surgeon 
at  the  Second  Battle  of  Bull  Run  August  30, 1862  ;  commis¬ 
sioned  Professor  of  Mathematics  U.  S.  N.  August  24,  1863 ; 
served  with  the  army  during  Early’s  attack  on  Washington, 
July  11-12,  1864;  served  on  the  U.  S.  monitor  Monadnock 
October  17,  1865,  to  June  23,  1866,  and  was  present  at  the 
bombardment,  by  the  Spanish  fleet,  of  Valparaiso,  March 
31,  1866,  and  of  Callas,  May  2,  1866;  was  attached  to  the 
Hydrographic  Office  October  14,  1866,  to  October  1,  1867 ; 
was  transferred  to  the  U.  S.  Naval  Observatory  October  1 , 
1867,  and  remained  till  his  retirement,  December  17,  1899. 
He  was  made  lieutenant  commander  August  24, 1863 ;  com¬ 
mander,  May  31,  1872 ;  captain,  April  17,  1878,  and  rear 
admiral,  December  17, 1899.  He  was  appointed  chief  astro¬ 
nomical  assistant  to  the  Superintendent  of  the  Naval  Ob¬ 
servatory  September  21,  1894,  and  Director  of  the  Nautical 
Almanac  June  30,  1897.  He  was  Vice-President  of  the 


296 


OBITUARY  NOTICES. 


American  Association  for  the  Advancement  of  Science  in 
1881,  1885,  and  its  President  in  1893.  He  was  a  member  of 
several  scientific  societies  in  the  United  States  and  Europe. 

It  is  evident  from  this  long  and  honorable  record  that  the 
Philosophical  Society  has  reason  to  be  proud  of  this  distin¬ 
guished  career  of  one  of  its  most  devoted  members. 

Frank  H.  Bigelow. 


ADOLPH  LINDENKOHL. 

1833-1904. 

[Read  before  the  Society,  February  18,  1905.] 

Mr.  Adolph  Lindenkohl,  the  senior  draftsman  in  the 
Coast  and  Geodetic  Survey,  died  on  June  22,  1904,  after  a 
faithful  and  distinguished  service  covering  half  a  century. 

Mr.  Lindenkohl  was  the  son  of  George  C.  F.  and  A.  E. 
Lindenkohl  and  was  bom  at  Niederkaufungen,  Hesse  Cassel, 
Germany,  on  March  6,  1833.  He  was  educated  at  the  Real- 
schule  (Cassel,  1844-1849)  and  the  Polytechnische  Schule 
(Cassel,  1849-1852),  graduating  at  the  latter  institution  in 
1852.  Soon  after  graduating  he  came  to  the  United  States 
and  engaged  in  teaching  for  two  years.  In  1854  he  was 
appointed  draftsman  in  the  Coast  Survey,  and  held  this 
position  with  distinguished  ability  until  the  day  of  his  death. 
In  1857  he  became  a  citizen  of  his  adopted  country. 

Mr.  Lindenkohl  was  a  man  of  marked  ability  in  his  pro¬ 
fession.  He  was  not  only  a  draftsman  ;  his  studies  had  led 
him  through  a  range  of  subjects  that  prepared  him  for  the 
discussion  of  data  passing  through  his  hands,  but  not  always 
content  with  this,  he  would  search  independently  for  miss¬ 
ing  links  until  he  might  have  sufficient  facts  to  formulate  a 
theory.  It  was  the  good  fortune  of  the  writer  to  have  close 
association  with  him  for  many  years,  during  which  time  he 
could  observe  his  methods  and  realize  what  a  vast  fund  of 
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knowledge  had  been  stored  away  and  how  oftentimes  he  had 
collected  facts  piecemeal  through  years  of  research  with  a 
definite  object  in  view.  He  spent  much  of  his  leisure  time 
in  studying  the  vast  physical  problems  relating  to  the  earth, 
devoting  himself  especially  to  physical  geography,  oceanog¬ 
raphy,  and  deep-sea  temperatures,  densities,  and  currents. 
Numerous  articles  upon  these  subjects  were  written  by  him 
and  have  been  published  as  appendices  to  the  Coast  and 
Geodetic  Survey  reports,  in  Petermann’s  Mitteilungen,  and 
in  the  American  Journal  of  Science.  He  was  always  much 
interested  in  geographical  exploration  and  spent  a  good 
deal  of  his  spare  time  in  compiling  maps  from  original 
sources.  Among  the  most  notable  results  of  his  researches 
may  be  mentioned  the  following : 

Solution  of  the  three-point  problem  by  determining  the 
intersection  of  a  side  of  a  given  triangle  with  a  line  from 
the  opposite  point  to  the  unknown  point.  Coast  and  Geo¬ 
detic  Survey  Report,  1869. 

Geology  of  the  sea  bottom  in  the  approaches  to  New  York 
Bay.  Coast  and  Geodetic  Survey  Report,  1884. 

Specific  gravity  of  the  waters  of  the  Gulf  of  Mexico  and 
the  Gulf  Stream.  Coast  and  Geodetic  Survey  Report,  1895, 
and  more  fully  set  forth  in  Peter  mann’s  Mitteilungen. 

Problems  of  physiography  concerning  salinity  and  tem¬ 
perature  of  the  Pacific  Ocean.  Coast  and  Geodetic  Survey 
Report,  1898. 

Notes  on  the  model  of  the  Gulf  of  Maine,  constructed  for 
the  U.  S.  Fish  Commission  by  A.  Lindenkohl.  Bulletin  of 
the  U.  S.  Fish  Commission,  vol.  m,  No.  29,  1883. 

Notes  on  the  submarine  channel  of  the  Hudson  River 
and  other  evidences  of  post-glacial  subsidence  of  the  Middle 
Atlantic  Coast  Region.  The  American  Journal  of  Science , 
vol.  xli,  June,  1891. 

Review  of  the  first  edition  of  Zoppritz  Leitfaden  der 
Kartenentwurfslehre.  Science ,  February  2,  1900. 

In  the  paper  on  the  Geology  of  the  sea  bottom  in  the  ap¬ 
proaches  of  New  York  Bay  there  is  suggestion  of  further  facts 
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that  are  yet  uncovered,  although  careful  investigators  are 
delving  into  the  mysteries  of  the  ocean  bottom  with  the  hope 
of  finding  them.  The  late  Professor  Hilgard  believed  the 
mud  holes  off  the  approaches  to  New  York  were  connected, 
as  was  subsequently  proved.  I  recall  discussions  with  him 
about  them,  and  doubt  not  they  had  been  a  topic  between 
him  and  Mr.  Lindenkohl  before  the  survey  that  demon¬ 
strated  the  deep  canon  and  which  Mr.  Lindenkohl  seized 
upon  to  strengthen  his  theories  on  the  Hudson  River 
bottom.  His  researches  in  oceanograph}^,  always  a  subject 
of  study  by  him,  were  finally  promulgated  in  his  paper  on 
the  Specific  gravity  of  the  waters  of  the  Gulf  of  Mexico  and 
the  Gulf  Stream,  and  in  a  paper  on  the  Gulf  Stream,  pub¬ 
lished  shortly  afterwards  in  Petermann’s,  he  enlarged  upon 
the  suggestions  conveyed  in  the  former  paper  that,  in  the 
physical  conditions  of  the  ocean,  the  different  densities  and 
temperatures  of  the  water  at  different  depths  would  tend  to 
produce  that  great  ocean  current,  in  a  manner,  if  not  con¬ 
vincing,  at  least  worthy  of  his  pen  and  the  years  he  had 
given  to  the  compilation  of  facts  and  study  of  the  subject. 

He  was  rewarded  in  the  Coast  Survey  by  rapid  promotion 
through  all  the  grades  of  his  profession  until  he  became  a 
recognized  authority  on  chart  publication.  Being  endowed 
with  a  remarkable  memory  for  facts  and  dates,  his  intimate 
acquaintance  with  the  chart  work  of  the  Survey  during  his 
fifty  years  of  service  was  of  great  value  in  all  matters  con¬ 
cerning  the  compilation  of  charts  from  the  older  records. 
The  numerous  drawings  compiled  and  made  by  him  bear 
witness  to  the  skill  and  fidelity  which  distinguished  his 
career.  His  work  was  always  rapidly  executed  and  charac¬ 
terized  by  accuracy. 

During  the  Civil  W ar,  in  1862-1864,  he  was  detailed  to  serve 
with  the  army  as  topographer,  thus  aiding  in  the  preserva¬ 
tion  of  the  Union.  His  first  service  was  in  aiding  Assistant 
A.  M.  Harrison  in  the  topographic  survey  of  the  northern 
bank  of  the  Potomac  River  in  the  vicinity  of  Rosiers  Bluff; 
in  December,  1862,  under  the  direction  of  the  Engineer  De- 
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partment  of  the  Army.  In  the  following  summer  he  was 
assigned  as  topographer  under  the  direction  of  Col.  J.  H. 
Alexander,  acting  chief  engineer  of  the  defenses  of  Balti¬ 
more.  At  the  request  of  the  chief  engineer  of  the  military 
department  of  West  Virginia,  Lieutenant  Meigs,  Mr.  Linden- 
kohl  was  detailed,  in  October,  1863,  to  assist  in  compiling 
the  data  which  had  been  collected  at  Clarksburg  from  army 
surveys  and  by  expeditions  of  the  cavalry  forces.  Other 
material,  procured  from  the  records  of  surveys  at  Annapolis 
and  Baltimore,  Maryland,  and  from  the  Engineer  Bureau, 
was  made  auxiliary  to  the  preparation  of  a  military  map  of 
the  department.  Mr.  Lindenkohl  also  assisted  in  the  con¬ 
struction  of  a  large  map  of  the  environs  of  Cumberland,  and 
computed  the  longitude  of  a  number  of  places  in  the  state 
from  sextant  observations  by  Lieutenant  Meigs. 

I  cannot  close  this  brief  notice  without  bearing  testimony 
of  my  love  for  the  man.  His  gentle  kindness  endeared  him 
to  those  who  had  recourse  to  him.  He  was  without  ostenta¬ 
tion,  perchance  to  his  detriment,  for  had  ambition  seized 
upon  him  he  had  the  mind  for  becoming  a  man  of  great  prom¬ 
inence.  He  was  a  valued  correspondent  of  Petermcinn’s,  and, 
I  have  reason  to  believe,  established  a  reputation  in  that 
journal  that  made  him  ever  a  welcome  visitor  to  its  pages. 

Mr.  Lindenkohl  was  a  member  of  the  American  Associa¬ 
tion  for  the  Advancement  of  Science,  the  Washington  Acad¬ 
emy  of  Sciences,  the  Philosophical  Society  of  Washington, 
and  the  National  Geographic  Society. 
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JOHN  WESLEY  POWELL. 

1834-1902. 

[Read  before  the  Society,  May  21,  1904.] 

John  Wesley  Powell,  son  of  Joseph  and  Mary  (Dean) 
Powell,  was  born  at  Mount  Morris,  New  York,  March  24, 
1834.  His  parents  were  English,  and  he  was  the  fourth  of 
nine  children  born  to  them.  About  1839  they  removed  from 
Mount  Morris  to  Jackson,  Ohio.  Joseph  Powell  was  a  li¬ 
censed  exhorter  of  the  Methodist  Episcopal  communion, 
strongly  opposed  to  slavery,  and  later  in  life,  perhaps  chiefly 
moved  by  the  indifference  of  this  church  to  that  question, 
joined  the  Wesleyan  Methodists.  The  community  in  which 
the  family  settled  was,  on  the  whole,  unfriendly  to  anti-slavery 
ideas.  As  a  child  John  was  interested  in  natural  history, 
and  during  his  life  at  Jackson  received  some  instruction  in 
the  rudiments  of  science  from  a  Mr.  Crookhaven,  an  enthu¬ 
siastic  amateur  student  of  that  place,  whose  laboratory  and 
collections  were  later  burned  by  pro-slavery  rowdies. 

In  1846  Joseph  Powell  bought  land  in  Walworth  county, 
Wisconsin,  upon  which  he  settled  his  family,  leaving  them 
to  carry  on  the  farm  while  he  devoted  himself  entirely  to 
preaching.  The  crops  had  to  be  driven  60  miles  to  market, 
and  young  John  usually  attended  to  this,  reading  and  study¬ 
ing  whenever  an  opportunity  or  book  came  in  his  way,  and 
often  carrying  a  book  in  his  wagon  box  to  utilize  en  route. 
At  the  age  of  16  his  desire  for  an  education  became  so 
strong  that  his  parents  permitted  him  to  go  to  Janesville, 
Wisconsin,  where  he  arranged  to  work  for  his  board,  having 
his  school  and  study  hours  free.  In  1851  his  father  sold  the 
Wisconsin  farm  and  moved  to  another  at  Bonus  Prairie, 
Boone  county,  Illinois.  In  1852  John  turned  the  care  of  the 
farm  over  to  his  brother,  and  began  studying  at  home  to 
prepare  himself  for  teaching  district  school,  by  which  he 
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hoped  to  gain  funds  sufficient  to  enable  him  to  pursue  his 
studies  at  college. 

He  began  to  teach  at  Jefferson  Prairie,  Illinois,  studying 
meanwhile  during  all  his  spare  hours  and  lecturing  once  a 
week  to  an  audience  of  scholars  and  neighbors.  In  1853 
the  family  removed  to  Wheaton,  Illinois,  where  Joseph 
Powell  became  one  of  the  trustees  of  the  Wesleyan  Univer¬ 
sity,  situated  at  that  place,  and  John  entered  the  prepara¬ 
tory  department.  In  1855  he  entered  one  of  the  preparatory 
classes  at  Illinois  College,  at  Jacksonville,  but,  after  a  year’s 
experience  there,  went  to  the  college  at  Oberlin,  Ohio. 
Here  he  undertook  a  course  which  included  branches  of 
natural  science,  especially  botany,  and  soon  became  an  en¬ 
thusiastic  student  and  collector. 

He  now  began  to  realize  his  true  bent,  and  decided  to 
make  the  study  of  geology  his  life  work.  His  interest  in 
geology  and  natural  history  constantly  growing,  he  gave 
most  of  his  summers  to  collecting  trips,  which  his  election  in 
1858  as  secretary  of  the  State  Natural  History  Society  of 
Illinois  much  facilitated.  In  the  spring  of  1860  during  a 
lecture  tour  he  visited  some  of  the  Southern  States  and  be¬ 
came  convinced  that  nothing  short  of  war  would  make  an 
end  of  slavery,  and  that  a  crisis  was  approaching.  In  prepa¬ 
ration  for  the  inevitable  he  gave  part  of  the  winter  of 
1860-1861  to  the  study  of  military  tactics  and  engineering. 
When  the  war  actually  broke  out  he  was  teaching  at  Henne¬ 
pin.  When  Lincoln  called  for  75,000  men  to  put  down  the 
rebellion  he  was  the  first  man  in  his  district  to  enroll,  and 
devoted  his  efforts  toward  raising  a  company  in  Putnam 
county,  the  members  of  which  proceeded  to  Granville,  and, 
uniting  with  others  from  that  town,  were  mustered  in  as 
Company  IL  of  the  Twentieth  Regiment  of  Illinois  Volunteer 
Infantry.  To  one  born  and  bred  an  abolitionist  and  who 
had  felt  in  youth  the  pressure  of  pro-slavery  intolerance  it 
was  not  merely  the  love  of  adventure  ©r  the  stir  of  patriotism 
which  led  him  to  take  up  arms,  but  also  largely  the  hope  of 
aiding  to  eradicate  from  our  social  system  the  evil  of  slavery, 

42— Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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When  the  Twentieth  Regiment  was  organized  Powell  was 
ranked  as  sergeant  major,  but  on  the  resignation  of  another 
officer  was  elected  second  lieutenant. 

He  studied  energetically,  and  as  his  course  and  qualifica¬ 
tions  became  known  was  naturally  called  on  for  service  in 
the  line  of  engineering. 

Ordered  to  Cape  Girardeau,  Missouri,  he  was  soon  set  at 
planning  and  constructing  defenses  for  that  towm,  in  the 
course  of  which  he  was  associated  with  several  trained  mil¬ 
itary  engineers,  including  Fladd,  and  later  Grant,  from 
whose  example  and  instruction  he  was  not  slow  to  profit. 
He  was  retained  in  charge  of  the  fortifications  he  had  con¬ 
structed  after  his  regiment. had  been  ordered  away. 

In  the  winter  of  1861-1862  he  recruited  a  company  of  ar¬ 
tillery,  largely  from  loyal  Missourians,  which  was  mustered 
into  service  as  Battery  F,  Second  Illinois  Artillery,  under 
his  command  as  captain.  From  Grant  a  week’s  leave  was 
obtained,  which  he  improved  by  going  to  Detroit,  where  he 
was  at  once  married  to  his  cousin,  Miss  Emma  Dean,  of  that 
city,  and  with  his  bride  started  back  to  camp  on  the  even¬ 
ing  of  the  same  day.  His  devoted  helpmeet  bore  the  priva¬ 
tions  of  camp  life  with  womanly  fortitude  and  courage. 

The  battery  was  ordered  to  Pittsburg  Landing  in  March, 
1862,  and  on  the  6th  of  April  participated  in  the  Battle  of 
Shiloh,  where  Powell  lost  his  right  arm.  To  the  skillful 
nursing  and  devotion  of  his  wife  in  the  army  hospital  Powell 
always  believed  his  survival  was  due,  and  thereafter,  by  the 
interposition  of  General  Grant,  she  remained  in  the  field 
with  him,  enabling  him  to  return  to  the  command  of  his 
battery  and  to  fulfill  his  routine  duties,  thus  preserving  to 
the  service  his  valued  skill  as  engineer  and  artillerist.  He 
took  part  in  the  Battles  of  Champion  Hill  and  Black  River 
Bridge  and  in  the  seige  of  Vicksburg.  Later  he  was  obliged 
to  go  to  Detroit  for  a  second  operation  on  his  w'ounded  arm, 
after  recovery  from  which  he  joined  Sherman’s  army  for 
the  Meridian  expedition.  He  was  offered  and  declined  the 
command  of  one  of  the  newly  raised  regiments,  was  pro- 
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mated  to  his  majority,  made  chief  of  artillery,  first  of  the 
17th  Army  Corps  and  later  of  the  Army  of  the  Tennessee. 
He  fought  with  Sherman  against  Hood  and  with  Thomas  at 
the  Battle  of  Nashville. 

With  the  crumbling  of  the  rebellion  and  the  expiration 
of  his  term  of  service  he  returned  to  civil  life  in  the  spring 
of  1865,  and  rejoined  his  family. 

After  a  period  of  rest  he  accepted  an  appointment  (which 
he  preferred  to  a  more  lucrative  political  office  which  lay 
within  his  reach)  as  Professor  of  Geology  at  Illinois  Wesleyan 
University  at  Bloomington,  to  which  was  added,  in  1867,  a 
lectureship  and  curatorship  in  the  adjacent  State  Normal 
University. 

It  was  planned  that  Major  Powell  should  devote  part  of 
his  time  to  field  geology  and  natural  history,  with  a  view  to 
the  formation  of  a  museum  and  laboratories  for  the  study  of 
comparative  anatomy,  mineralogy,  and  geology.  To  avoid 
the  imperfections  of  text-book  instruction  he  made  use  of 
field  excursions  and  the  study  of  actual  specimens  wherever 
practicable.  By  public  lectures  and  addresses  throughout 
the  state  he  stimulated  public  interest  in  the  new  methods 
of  teaching  science,  and  attracted  large  numbers  of  enthusi¬ 
astic  students  to  his  classes.  Obtaining  from  the  state  legis¬ 
lature  an  appropriation  for  the  museum  of  the  Normal 
University,  he  organized  in  the  spring  of  1867  an  expedi¬ 
tion  to  the  mountain  region  of  Colorado.  The  party  com¬ 
prised  students  from  both  the  institutions  with  which  he 
was  connected,  and  had  as  its  object  their  instruction  in 
geology  as  well  as  the  collection  of  material.  This  was  one 
of  the  earliest  expeditions  of  its  kind  (now  so  generally 
adopted  in  university  instruction),  and  in  the  unexplored 
regions,  destitute  of  means  of  transportation,  among  tribes 
of  Indians  not  always  friendly,  involved  an  element  of 
danger  and  the  necessity  of  strict  discipline. 

There  were  then  no  railways  across  the  plains,  and  the 
party  made  the  journey  from  Council  Bluffs,  Iowa,  in  wagons. 
Their  goal  was  attained  in  the  Bergens  Park  and  Pikes  Peak 
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district,  and  they  returned  only  when  the  snow  made  further 
work  impracticable. 

The  winter  was  spent  in  college  work  and  the  study  of 
the  collections. 

In  1868,  by  the  aid  of  the  Smithsonian  Institution  and 
with  the  cooperation  of  various  colleges,  another  expedition 
was  organized. 

Through  the  aid  of  Gen.  U.  S.  Grant  the  facilities  offered 
by  the  various  army  posts  in  the  West  were  put  at  the 
disposal  of  the  party,  whose  object  was  the  exploration  of 
western  Colorado  and  the  gathering  of  information  toward 
the  solution  of  the  problems  offered  by  the  Colorado  canon. 
A  rendezvous  camp  was  established  in  Middle  Park,  Colo¬ 
rado,  and  the  summer  was  spent  chiefly  among  the  moun¬ 
tains  of  the  Colorado  range.  On  the  approach  of  winter  the 
students  with  the  collections  returned  to  the  East,  but  Powell 
established  himself  in  a  log-house  camp  on  the  White  River, 
whence  explorations  were  made  in  all  directions  and  large 
collections  gathered.  Powell’s  intercourse  with  the  Ute 
Indians  led  to  ethnologic  studies,  foreshadowing  his  later 
work  in  the  field  of  anthropology.  The  construction  of  the 
Pacific  railroad  had  by  this  time  reached  the  Green  River, 
and  when  the  party  broke  up  in  March,  1869,  Powell  decided 
to  have  his  outfit  for  the  exploration  of  the  great  canon 
made  in  Chicago  and  transported  to  Green  River  by  rail,  and 
returned  to  Illinois  with  this  project  in  view.  The  plan  in¬ 
volved  the  practical  cessation  of  Powell’s  work  as  a  univer¬ 
sity  teacher.  The  winter  passed  in  preparations.  On  the 
24th  of  May,  1869,  his  four  boats  were  launched  on  the  Green 
River,  and  on  the  30th,  with  nine  companions,  the  canon 
voyage  was  begun.  On  the  28th  of  August  three  men  left 
the  party  to  make  their  way  overland  to  the  Mormon  settle¬ 
ments  rather  than  face  the  dangers  of  the  still  unexplored 
remainder  of  the  canon.  These  men  were  killed  by  Indians 
before  reaching  civilization.  On  August  29  the  remainder 
of  the  party  came  safely  out  of  the  canon  into  the  open 
country.  This  exploration  has  justly  been  regarded  as  in- 
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volving  courage  and  audacity  of  the  highest  type,  especially 
when  we  remember  that  the  leader  was  a  man  bereft  of  his 
right  arm. 

The  exploration  of  this  extraordinary  and  unknown  re¬ 
gion  opened  up  many  problems  for  solution.  The  private 
and  institutional  funds  by  which  his  work  had  hitherto  been 
supported  were  no  longer  adequate  for  the  vast  field  into 
which  he  had  penetrated.  He  applied  to  Congress  for  na¬ 
tional  aid  and  received  it.  The  force  which  he  organized 
took  the  name  of  the  Survey  of  the  Rocky  Mountain  Region. 
The  line  of  the  Colorado  River  was  retraced  by  boat  in  1871- 
1872,  and  a  survey  of  the  adjacent  region  was  carried  on  and 
expanded  with  increasing  success  until  1879.  In  1873  he 
accepted  a  temporary  commission  from  the  Indian  Bureau, 
giving  him  opportunity  for  visiting  many  Western  tribes 
and  extending  his  ethnological  researches.  In  1874-1875  he 
made  a  special  study  of  the  Uinta  Mountains  and  the  adja¬ 
cent  parts  of  the  Green  River  basin.  Later  he  devoted  much 
time  and  energy  to  proposed  reforms  in  the  land  laws  of  the 
United  States  and  to  the  development  of  plans  for  irrigation. 
In  most  of  this  he  was  far  in  advance  of  his  time  and  the 
popular  opinion  of  the  day,  yet  his  endeavors  opened  the 
door  to  changes  which  are  only  now  beginning  to  make  their 
way  and  win  a  merited  appreciation.  The  Public  Lands 
Commission,  of  which  he  was  made  a  member,  devoted  much 
time  in  1879-1880  to  investigations  and  reports  filling  four 
large  volumes. 

In  1879  Congress  decided  to  consolidate  the  various  geo¬ 
logical  surveys  of  the  West  in  a  new  organization,  the  United 
States  Geological  Survey,  of  which  the  late  Clarence  King 
was  appointed  Director.  King  resigned  in  March,  1881,  and 
Powell’s  nomination  to  the  post  was  promptly  and  unani¬ 
mously  confirmed  by  the  Senate  and  approved  by  public 
opinion.  A  special  provision  having  been  made  for  ethno¬ 
logical  work,  with  the  view  of  preserving  the  fast  disappear¬ 
ing  data  in  regard  to  the  native  tribes  of  North  America, 
Powell  was  made  Director  of  this  Bureau  also,  a  post  in  which 
he  continued  until  his  death. 
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In  1888,  at  Powell’s  instance,  the  Geological  Survey  was 
instructed  to  classify  the  lands  of  the  public  domain,  and 
especially  to  set  apart  those  which  might  be  susceptible  of 
irrigation.  The  interference  with  private  interests  which 
this  led  to  aroused  a  storm  of  opposition,  which  reacted  on 
the  Survey  and  led  to  the  repeal  of  the  law.  As  soon  as  he 
felt  satisfied  of  the  appointment  of  a  worthy  successor — 
weary  of  too  onerous  responsibilities  and  worn  with  the  pain 
in  his  amputated  arm,  which  constantly  troubled  him — he 
relinquished  the  directorship  of  the  Survey.  A  third  sur¬ 
gical  operation  relieved  him  considerably.  He  continued 
in  the  directorship  of  the  Bureau  of  Ethnology,  deputing  the 
routine  of  administration  to  an  assistant,  and  devoted  much 
of  his  time  to  the  elaboration  of  a  system  of  philosophy  in 
which  he  had  begun  to  take  great  interest.  His  health,  al¬ 
ready  broken  by  incessant  calls  upon  his  strength,  gradually 
declined  until  his  death,  which  occurred  September  23, 1902. 
His  remains  were  interred  at  Arlington  Cemetery  among 
other  heroes  of  the  Civil  War,  with  the  touching  ritual  of  the 
Grand  Army  of  veterans  read  by  surviving  comrades.  His 
widow  and  a  daughter  survive  him. 

The  usual  honors  due  to  distinction  were  not  withheld 
from  Powell  in  his  lifetime.  Honorary  degrees  and  mem¬ 
bership  in  scientific  societies,  foreign  and  domestic,  were 
numerous.  He  was  elected  a  member  of  the  Philosophical 
Society  of  Washington  in  1874  and  its  President  in  1883 
and  a  member  of  the  National  Academy  of  Sciences  in 
1880.  He  was  a  founder  of  the  Cosmos  Club  and  its  Presi¬ 
dent  during  1878  and  1881.  He  was  President  of  the  Amer¬ 
ican  Association  for  the  Advancement  of  Science  in  1888. 
He  stimulated  the  formation  of  several  of  the  scientific  soci¬ 
eties  of  Washington  and  was  energetic  in  developing  the 
functions  and  promoting  the  growth  of  the  Cosmos  Club 
and  the  Washington  Academy  of  Sciences.  In  short,  he 
was  prominent  in  all  the  scientific  activity  of  the  Capital  and 
did  much  to  determine  the  lines  on  wdiich  it  has  developed. 

In  the  brief  abstract  of  a  crowded  life,  which  is  all  tha* 
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our  rules  admit,  it  would  be  futile  to  endeavor  to  weigh  or 
enumerate  Powell’s  contributions  to  science  on  the  personal, 
rather  than  the  administrative,  side.  Something  of  this  has 
already  been  done  by  one  of  his  most  distinguished  pupils 
and  co-workers,*  while  another,  whose  loss  we  lately  mourn, 
has  given  a  graphic  picture  of  his  fraternal  relations  with 
his  subordinates.! 

Final  judgment  on  the  great  mass  of  personal  work  ac¬ 
complished  by  Powell  must  await  the  test  of  time  and  the 
conclusions  of  specialists.  Here  it  seems  sufficient  for  the 
occasion  to  make  brief  reference  to  the  temperament  and 
qualities  which  conditioned  his  activity  and  made  him  the 
man  and  successful  administrator  he  was. 

Major  Powell’s  salient  characteristics  were  courage,  sym¬ 
pathy,  insight  into  relations  of  things.  His  was  the  ideal 
Western  spirit.  He  feared  nothing  and  recognized  no  intel¬ 
lectual  limitations  for  himself ;  but  his  was  the  fearlessness 
of  a  child,  without  conceit.  Self-advancement,  except  as  a 
means  of  helping  forward  the  scientific  plans  he  had  in 
view,  was  alien  to  his  ambitions.  He  joined  in  helping  his 
subordinates  to  wider  opportunities  and  had  the  feeling  of  a 
father  for  them,  which  naturally  was  in  most  cases  a  stimu¬ 
lus  to  their  devotion.  He  saw  much  clearly  in  advance  of 
his  time.  In  many  matters  views  for  which  he  was  criti¬ 
cised,  on  Indian  affairs,  irrigation,  and  the  like,  are  now 
accepted  as  leading  principles.  He  enjoyed  “  blazing  a 
trail  ”  in  science ;  but,  the  trail  made  and  open,  he  usually 
left  to  others  the  task  of  permanent  road-building.  Thus 
his  work  in  geology  brought  into  clear  relief  certain  features 
of  geological  mechanics  in  erosion,  etc.,  which  are  at  the 
root  of  the  branch  of  geology,  known  as  geomorphology, 
which  has  of  late  formed  a  school.  Many  of  the  facts  had 
long  been  known,  but  their  relations  had  never  been  fully 
appreciated  until  he  turned  the  searchlight  on  them. 

*  G.  K.  Gilbert  :  Open  Court,  xvn,  April,  1903,  pp.  228-239,  and 
June,  pp.  342-347. 

t  M.  Baker:  Op.  cit.,  June,  1903,  pp.  348-351. 
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His  great  gift  of  sympathy  brought  him  near  the  Indian. 
He  was  almost  the  first  to  appreciate  the  Indian  philosophy 
of  life  and  able  to  put  himself  at  the  Indian  point  of  view 
sympathetically.  In  my  judgment,  his  contributions  to  the 
understanding  of  the  Indian,  though  largely  developed 
through  other  workers,  are  his  best  gift  to  the  store  of  mod¬ 
ern  science  and  that  upon  which  his  scientific  reputation 
will  chiefly  rest. 

His  clear  view  of  the  relations  of  concrete  things  made 
him  a  really  great  administrator  and  organizer  of  institu¬ 
tions — like  Bache  for  the  Coast  Survey,  or  Baird  for  the 
National  Museum  and  Fish  Commission.  His  profession 
and  official  positions  called  him  frequently  to  public  speak¬ 
ing.  Of  what  is  called  “  literary  training  ”  he  had  none  ; 
but  when  emotion,  a  strong  sense  of  duty,  or  the  necessity 
of  clearly  stating  some  question  with  which  his  mind  was 
charged  incited  him  to  speech  he  was  often  really  eloquent. 

His  quick  and  cordial  sympathy  on  due  occasion  made 
him  a  man  beloved  of  those  who  knew  him  best.  To  them 
it  will  seem  that  in  him  they  lost  a  brave  and  true  comrade, 
a  generous  chief,  and  a  leader  of  high  aims  and  sturdy  soul. 

William  Healey  Dall. 


WILLIAM  THOMAS  SAMPSON. 

1840-1902. 

[Read  before  the  Society,  May  23,  1903.] 

William  Thomas  Sampson  has  furnished  another  instance 
in  which  the  American  village  public  school  has  served  the 
nation  well.  It  has  been  nowhere  found  how  many  of  his 
forebears,  falling  short  of  the  aims  of  a  lifetime  of  endeavor, 
had  gone  down  to  make  the  mold  from  which  grows  the 
laurel  wreath;  but  it  is  known  that  James  Sampson  and 
Hannah  Walker,  out  of  whose  union  grew  this  colossus  of 
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diligence  and  trustworthiness,  were  people  of  good  traits  who 
had  never  received  anything  except  by  toil.  They  had  emi¬ 
grated  from  Ireland  to  the  United  States  in  1836,  and  settled 
on  the.  outskirts  of  Palmyra,  in  the  state  of  New  York.  It 
was  here  on  the  banks  of  the  Erie  Canal  that  their  son  Wil¬ 
liam  was  ‘born  in  February,  1840,  and  here  that  we  watch 
the  hurrying  feet  of  his  youth  and  are  made  aware  of  his 
industrious  and  helpful  disposition.  The  story  of  his  early 
years  gives  evidence  that  he  was  avid  of  learning  and  pos¬ 
sessed  instincts  of  so  high  an  order  as  to  excite  the  admira¬ 
tion  of  his  school  teachers  and  lead  to  the  recommendation 
on  their  part  which  resulted  in  his  selection  by  a  Represent¬ 
ative  in  Congress  for  appointment  to  the  United  States  Naval 
Academy.  He  entered  this  institution  in  1857,  when  he 
was  between  17  and  18  years  of  age,  and  was  graduated  four 
years  later,  at  the  outbreak  of  the  Civil  War.  His  course  at 
the  academy  is  characterized  by  intense  and  successful 
mental  application ;  he  probably  studied  more  and  longer 
than  any  of  his  classmates,  but  he  also  acquired  more  and 
exceeded  them  in  the  order  of  merit  at  graduation. 

His  creditable  service  in  the  Civil  War  as  a  junior  officer 
in  the  Federal  Navy  was  followed  in  the  long  succeeding 
years  of  peace,  during  which  his  career  was  outwardly  much 
the  same  as  that  of  the  other  naval  officers  of  his  time,  by  a 
line  of  conduct  from  which  it  became  known  throughout  a 
widening  hut  always  limited  circle  that  he  was  self-disciplined 
and  steady  and  methodical,  and  that  he  gave  studious  and 
energetic  attention  to  whatever  was  committed  to  him.  W ith 
a  versatile  mind  that  would  probably  have  brought  him  a 
measure  of  success  in  any  of  the  eminent  professions,  he  de¬ 
voted  his  chief  efforts  to  scientific  pursuits  and  made  many 
important  investigations  that  have  had  a  far-reaching  effect 
in  relation  to  modern  ordnance,  armor,  and  ammunition. 
He  laid  the  foundation  for  the  success  of  these  more  weighty 
investigations  which  were  carried  on  in  his  maturer  years — 
after  he  had  passed  the  age  of  forty — by  the  clear  insight 
which  he  had  earlier  attained  in  physics  and  chemistry  dur- 

43 — Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 


310 


OBITUARY  NOTICES. 


ing  the  five  years  that  he  was  attached  to  the  United  States 
Naval  Academy  as  instructor.  Astronomy  also  claimed  a 
share  of  his  attention,  and  it  was  while  he  was  taking  part 
in  the  duties  of  the  astronomers  at  the  National  Astronom¬ 
ical  Observatory  established  under  the  administration  of  the 
Navy  Department  that  he  became  a  member  of  this  Society 
in  the  year  1883. 

Admiral  Sampson  was  too  much  cut  off  from  the  regular 
meetings  of  the  Philosophical  Society  to  become  identified 
among  its  most  active  members.  It  was  only  a  few  years 
after  his  election  to  membership  and  while  still  in  the  grade 
of  commander  in  the  navy  that  he  left  Washington  to  be¬ 
come  Superintendent  of  the  Naval  Academy  at  Annapolis, 
and  his  return  to  resume  residence  here  six  years  later  marked 
the  opening  of  one  of  the  most  arduous  and  important  pe¬ 
riods  of  his  life,  during  which,  as  Chief  of  the  Bureau  of 
Ordnance  of  the  Navy  Department,  his  scientific  attainments 
found  their  greatest  scope  and  purpose  in  transforming  the 
Washington  Navy  Yard  into  one  of  the  foremost  ordnance 
factories  in  the  world.  In  this  stage  of  his  career  Sampson’s 
reputation  extended  for  the  first  time  among  men  of  national 
affairs  who  could  be  informed  of  technical  matters  only 
through  the  agency  of  lucid  and  brief  expression  in  which 
he  was  found  to  be  strikingly  proficient;  so  that  when  the 
war  with  Spain  came  to  be  fought  and  a  commander-in-chief 
of  the  fleet  was  to  be  chosen  he  was  sufficiently  known 
among  those  who  had  accepted  the  responsibilities  of  our 
nation  to  be  selected  as  having  the  most  intelligent  compre¬ 
hension  of  the  weapon  that  was  to  be  placed  in  his  hands 
and  as  being  the  most  likely  to  wield  it  with  telling  effect. 

Although  he  had  been  in  failing  health  for  some  years, 
beyond  an  added  look  of  care  Admiral  Sampson’s  appear¬ 
ance  was  unchanged  for  several  years  after  the  culmination 
of  his  life  work  at  Santiago.  In  person  he  was  somewhat 
above  medium  height,  rather  slender  and  well  knit,  and 
slightly  bent  as  a  scholar  is  by  erudition.  His  bearing  was 
of  unmistakable  distinction,  and  did  not  suggest  the  sailor 


WILLIAM  THOMAS  SAMPSON. 


311 


and  warrior  as  much  as  the  collegian.  His  forehead  was 
broad  and  full  at  the  temples ;  his  hair  was  iron  gray  and 
rather  thin ;  his  beard  was  short  and  always  recently  trimmed ; 
his  nose  was  sharply  cut  and  perfectly  molded.  His  large 
clear  dark  eyes  were  remarkably  brilliant  and  expressive 
and  served  to  reveal  every  changing  emotion  of  an  otherwise 
immobile  countenance. 

Although  in  the  outer  world  a  stern  atmosphere  surrounded 
the  unapproachable  plane  of  respect  and  admiration  upon 
which  he  stood,  in  his  home  life  there  was  a  simple  beauty 
and  devotedness  which  made  him  greatly  beloved  by  his 
family  and  his  more  intimate  friends.  He  was  twice  mar¬ 
ried.  „  His  first  wife  was  Miss  Margaret  Aldrich,  of  Palmyra, 
the  friend  of  his  youth,  to  whom  he  was  wedded  in  early 
manhood  and  by  whom  four  daughters  were  born  to  him. 
She  was  laid  in  her  grave  in  1878,  and  Sampson  lived  alone 
with  his  children  until  1882,  when  he  married  Miss  Elizabeth 
Burling,  the  mother  of  his  two  sons  and  the  beloved  com¬ 
panion  of  his  declining  years. 

The  condition  of  brain  weariness  and  diminished  vitality 
in  which  he  came  out  of  the  Santiago  campaign  did  not 
deter  him  from  the  immediate  performance  of  important 
duties  in  effecting  the  evacuation  of  Cuba  on  the  part  of 
Spain  nor  in  the  subsequent  command  of  his  squadron,  but 
sickness  steadily  crept  upon  him  and  more  and  more  lessened 
his  powers  and  activities  until  he  was  overwhelmed  in  death, 
on  May  6,  1902.  His  last  days  were  lived  in  Washington 
city,  and  his  burial  place  is  the  National  Cemetery,  at  Ar¬ 
lington,  Virginia. 


G.  W.  Littlehales. 
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CHARLES  ANTHONY  SCHOTT. 

1826-1901. 

[Read  before  the  Society,  October  12,  1901.] 

We  are  called  upon  to  mourn  the  death  of  one  of  the 
founders  of  the  Philosophical  Society,  Charles  Anthony 
Schott,  who,  after  a  lingering  illness  of  four  months,  passed 
away  at  his  home  in  Washington  on  July  31,  1901. 

He  was  horn  at  Manheim,  Baden,  Germany,  on  August  7, 
1826,  and  graduated  from  the  Polytechnic  School  at  Carls- 
rhue  with  the  degree  of  Civil  Engineer  in  1847.  He  came 
to  the  United  States  soon  after,  and,  through  his  acquaint¬ 
ance  with  one  of  the  Hilgards,  obtained  employment  on  the 
Coast  Survey  in  the  winter  of  1848.  For  a  period  of  over 
fifty-two  years  he  devoted  all  his  ability  to  the  service  of  the 
government  of  his  adopted  country,  which  he  loved  with 
the  ardor  common  to  those  who  have  separated  themselves 
from  past  traditions  and  have  taken  upon  themselves  the 
duties  which  new  conditions  and  new  surroundings  impose. 

Whatever  debts  he  owed  to  the  country  of  his  birth  and 
to  the  past,  he  was  folly  able  to  repay,  since  the  whole  of  his 
life  was  devoted  to  scientific  pursuits,  and  the  results  of  suc¬ 
cessful  scientific  work  are  a  benefit  to  all  humanity. 

In  a  letter  extending  the  sympathy  of  the  Prussian  Geod¬ 
etic  Institute  to  the  Survey  on  the  loss  which  the  latter  had 
sustained  in  the  death  of  Schott,  the  eminent  Director,  Dr. 
Helmert,  thus  refers  to  Schott’s  nativity : 

“  I  am  pleased  to  think  that  it  was  a  German  who  devel¬ 
oped  for  so  many  years  such  a  wonderful  activity  in  the 
Survey,  and  thus  Mr.  Schott  did  not  only  render  great  serv¬ 
ices  to  science  by  his  successful  work,  but  contributed  to  the 
esteem  which  two  great  nations  have  for  each  other.” 

During  the  first  two  years  of  his  connection  with  the  Sur¬ 
vey  an  opportunity  was  afforded  him  to  familiarize  himself 


CHARLES  ANTHONY  SCHOTT. 


813 


with  the  work  of  the  Survey  by  active  duty  in  the  field,  but 
the  unerring  judgment  of  Superintendent  Bache  soon  dis¬ 
covered  the  bent  of  his  mind  and  assigned  him  to  duty  in 
the  computing  division,  of  which  he  was  made  chief  in  1855. 
He  remained  at  the  head  of  this  important  branch  of  work 
until  January,  1900.  The  progress  of  the  geodetic  work  of 
the  Surve}r  had  been  such  that  it  became  necessary  to  relieve 
him  of  the  burden  of  routine  work  in  order  to  enable  him  to 
devote  his  energies  to  the  discussion  of  such  arc  measure¬ 
ments  as  had  been  finished  in  order  that  the  results  might 
be  published. 

He  completed  the  record  of  the  measurement  of  the  Great 
Transcontinental  Arc  along  the  39th  parallel,  which  was 
published  before  his  death  under  the  title  of  The  Transcon¬ 
tinental  Triangulation  and  American  Arc  of  the  Parallel. 
Another  important  volume,  which  treats  of  the  Eastern  Ob¬ 
lique  Arc  of  the  United  States,  was  prepared  by  him  for  the 
printer,  but  death  claimed  him  before  it  could  be  given  to 
the  world. 

His  untiring  energy  and  systematic  habits  made  it  possible 
for  him  to  accomplish  a  great  amount  of  work.  In  addition 
to  his  papers  on  geodesy,  hydrography,  and  especially  on 
terrestrial  magnetism,  which  are  to  be  found  in  the  annual 
Coast  Survey  reports  during  the  many  years  of  his  connec¬ 
tion  with  the  Survey,  he  undertook  laborious  reductions  of 
meteorological  and  other  data  collected  by  the  Smithsonian 
Institution  or  submitted  to  it  in  order  that  they  might  be 
published  through  its  instrumentality. 

The  list  of  papers  published  by  him  discloses  at  once  the 
active  interest  with  which  he  pursued  his  studies  in  terres¬ 
trial  magnetism.  His  labors  in  the  field  received  a  gratify¬ 
ing  recognition  about  two  years  before  his  death  in  the  award 
of  the  Henry  Wilde  prize,  adjudged  to  him  by  the  French 
Academy  of  Sciences  on  the  ground  that  “  the  whole  of  this 
(his)  work  furnishes  one  of  the  most  important  contributions 
in  the  history  of  terrestrial  magnetism.”  Not  the  least  pleas¬ 
ing  feature  of  the  award  was  the  manner  of  its  presentation 
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by  President  McKinley,  who  accompanied  it  with  fitting 
words  on  the  catholicity  of  science  and  of  congratulations  to 
the  recipient. 

Other  formal  recognition  had  come  to  Mr.  Schott  long 
before  this  incident.  In  1872  he  was  elected  to  the  National 
Academy  of  Sciences,  in  1874  to  the  American  Association  for 
the  Advancement  of  Science,  in  1896  to  the  Sociedad  Cien- 
tifico  Antonio  Alzate  of  Mexico,  and  to  the  Washington 
Academy  of  Science  in  1898. 

To  those  who  knew  Mr.  Schott  well  it  is  needless  to  say 
that  beneath  a  somewhat  austere  manner  he  hid  a  warm 
heart.  He  loved  his  family  and  his  home,  and  his  tastes 
were  simple.  He  was  fond  of  flowers  and  of  music  and  was 
possessed  of  no  mean  skill  as  a  painter  and  often  sought 
recreation  in  that  accomplishment. 

In  1856  he  married  Theresa  Gildermeister,  and  after  her 
death  he  married  Bertha  Gildermeister  in  1863.  A  son  by 
the  first  marriage  and  two  daughters  and  his  widow  survive 
him. 

The  esteem  in  which  he  was  held  by  his  associates  in  the 
Survey  is  best  expressed  by  the  following  tribute  which  they 
recorded  on  the  day  after  his  death : 

“  He  was  enthusiastic,  faithful,  and  diligent  in  all  duties 
he  was  called  upon  to  perform,  and  through  his  learning 
and  probity  earned  a  reputation,  extending  over  two  conti¬ 
nents,  which  is  most  worthy  of  emulation.  Conscientious 
and  expert  in  his  specialties,  geodesy  and  terrestrial  mag¬ 
netism,  his  labors  added  immeasurably  to  the  reputation  of 
the  Bureau  and  of  his  comrades  who  gathered  the  material 
he  so  ably  discussed.  The  methods  of  computation  now  in 
use  in  the  Bureau  are  an  indelible  record  of  his  ability. 
His  high  ideals  of  duty  and  his  tireless  and  persistent  striv¬ 
ing  for  them  made  him  stand  forth  as  a  noble  example  of 
the  best  type  of  public  official,  and  his  uniform  kindliness 
endeared  him  to  those  who  knew  him  as  a  friend.” 


0.  H.  Tittmann. 
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DAVID  SMITH. 

1834-1903. 

[Read  before  the  Society,  May  13,  1905.] 

David  Smith  was  a  mechanical  engineer  of  important  at¬ 
tainments  when  he  was  elected  to  membership  in  the  Philo¬ 
sophical  Society,  in  1876,  and  came  into  the  association  of 
the  distinguished  men  who,  according  to  the  custom  of  that 
time,  continued  to  meet  together  in  one  society,  under  the 
presidency  of  Prof.  Joseph  Henry,  for  the  discussion  of  sub¬ 
jects  relating  to  all  branches  of  science. 

Although  of  foreign  nativity,  having  been  born  in  Scot¬ 
land  on  December  13,  1834,  his  entire  education  was  ac¬ 
quired  in  America,  whither  he  had  been  brought  at  an  earl y 
age.  As  a  youth  he  was  graduated  from  Phillips- Andover 
Academy,  and  subsequently  laid  the  foundation  of  his  pro¬ 
fessional  education  at  the  Lawrence  Scientific  School  of 
Harvard  University. 

He  became  an  officer  of  the  Steam  Engineering  Depart¬ 
ment  of  the  United  States  Navy  in  1859,  and  served  afloat 
with  great  credit  throughout  the  Civil  War.  In  1867  he 
was  placed  in  charge  of  the  engineer’s  department  of  the 
United  States  steamer  Wampanoag,  which  at  that  time  had  a 
larger  installation  of  horse-power  than  any  other  steamer 
afloat.  He  became  temporary  assistant  to  the  Chief  of  the 
Bureau  of  Steam  Engineering  of  the  Navy  Department  in 
1869,  and,  while  engaged  in  the  duties  of  that  position, 
prepared  valuable  technical  briefs  in  regard  to  the  work  of 
the  Confederate  cruiser  Shenandoah  and  other  cruisers  of  her 
class,  and  received  the  special  commendation  of  the  Ameri¬ 
can  representative  at  the  Geneva  Conference  for  the  excel¬ 
lence  of  these  papers.  In  1874  President  Grant  appointed 
Mr.  Smith  as  a  member  of  the  United  States  Steel  Board, 
which  was  charged  with  the  performance  of  an  exhaustive 
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series  of  tests  to  show  the  capabilities  of  American  manu¬ 
factories  to  provide  tool  steel  of  the  highest  quality. 

The  University  of  Pennsylvania  tendered  him  the  chair 
of  dynamic  engineering  in  that  institution  in  1874,  but  his 
preference  was  to  follow  out  his  professional  career  in  the 
naval  service,  in  which  he  had  already  attained  the  grade  of 
Chief  Engineer. 

He  was  one  of  the  first  naval  engineers  of  any  nation  to 
devise  means  for  standardizing  engineering  instruments  of 
precision,  and  rendered  beneficial  service  as  a  member  of 
the  board  of  officers  that  commenced,  in  1890,  a  systematic 
plan  for  reorganizing  the  methods  of  administration  of  the 
navy  yards  of  the  United  States ;  but  probably  the  most  es¬ 
teemed  achievement  of  Chief  Engineer  Smith  was  his  work 
concerning  the  ventilation  of  war  ships,  in  relation  to  which 
he  was  the  first  to  propose  in  detail  the  system,  which  is  now 
universally  adopted,  of  exhausting  the  air  from  the  individ¬ 
ual  compartments  of  the  ship. 

Although  he  was  transferred  to  the  retired  list  of  the 
Navy  in  1896,  in  pursuance  of  the  statutes  requiring  that 
officers  of  the  Navy  should  be  retired  upon  reaching  the 
age  of  62  years,  he  performed  excellent  service  for  the  Navy 
and  the  country  during  the  Spanish  war,  and,  by  his  ex¬ 
traordinary  exertions  at  an  advanced  age,  brought  on  a 
lingering  sickness,  which  resulted  in  death  on  the  27th  of 
May,  1903. 


G.  W.  Littlehales. 
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1800-1885. 

[Read  before  the  Society,  March  30,  1901.] 

Some  time  prior  to  the  outbreak  of  the  Civil  War,  a  num¬ 
ber  of  scientific  men  in  Washington  formed  a  club  which 
was  sometimes  known  as  the  “Saturday  Club/’  from  the 
fact  that  it  met  every  Saturday  during  the  winter,  at  the 
house  of  some  one  of  its  members.  This  scientific  club  had 
neither  constitution  nor  by-laws,  and  no  officers  except  a  sec¬ 
retary.  The  meetings  were  devoted  to  discussion  of  ques¬ 
tions  of  scientific  or  public  interest,  and  closed  with  a  supper. 
In  1863,  when  Hon.  Hugh  McCulloch  became  a  member  of 
the  club,  there  were  17  members,  as  follows:  Joseph  Henry, 
A.  D.  Bache,  Peter  Parker,  Simon  Newcomb,  J.  E.  Hilgard, 
George  C.  Schaeffer,  A.  A.  Plumphreys,  Jonathan  H.  Lane, 
William  B.  Taylor,  Titian  R.  Peale,  Benjamin  N.  Craig, 
J.  M.  Gillis,  J.  N.  McComb,  0.  M  Poe,  M.  C.  Meigs  and  Dr. 
F.  A.  P.  Barnard.  According  to  Mr.  McCulloch,  “all  of  them 
were  interesting  men,  all  well  known  to  each  other,  and  some 
of  them  to  the  public,  by  their  scientific  and  literary  attain¬ 
ments;  there  was  not  one  who  would  not  have  been  distin¬ 
guished  in  any  literary  and  scientific  club  in  this  country  or 
in  any  other;  there  was  not  a  money- worshipper  or  time¬ 
server  among  them  all.”  Seven  years  later  the  club  had  in¬ 
creased  to  43,  and  the  name  of  T.  R.  Peale  wTas  one  of  those 
signing  the  letter  to  Professor  Henry  asking  him  to  preside 
at  a  meeting  to  be  held  in  the  Regents7  room  at  the  Smith¬ 
sonian  Institution,  for  the  purpose  of  forming  a  society  hav¬ 
ing  for  its  object  the  free  exchange  of  views  on  scientific 
subjects  and  the  promotion  of  scientific  inquiry  among  its 
members.  Thus  originated  the  Philosophical  Society  of 
Washington,  the  outgrowth  of  the  Scientific  or  Saturday 
Club,  and  the  fact  that  Titian  R.  Peale  may  be  considered 
one  of  its  founders  is  my  only  excuse  for  presenting  this 
sketch  before  you  this  evening. 

44— Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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Titian  Ramsay  Peale,  explorer,  naturalist,  and  artist, 
born  in  Philosophical  Hall,  in  Philadelphia,  in  the  year 
1800,  was  the  youngest  son  of  Charles  Willson  Peale  and  his 
second  wife,  Elizabeth  de  Peyster.  He  was  named  Titian 
after  the  celebrated  artist,  four  of  his  brothers  having  been 
named  Raphael,  Rembrandt,  Rubens,  and  Van  Dyke.  The 
name  Ramsay  was  given  him  for  Colonel  Nathaniel  Ramsay, 
of  the  Maryland  Continental  Line,  the  intimate  friend  of  his 
father  and  husband  of  the  latter’s  favorite  sister.  Colonel 
Ramsay  was  one  of  the  two  officers  ordered  by  Washington 
at  the  battle  of  Monmouth  to  hold  the  British  in  check  while 
he  reformed  his  lines.  Colonel  Ramsay  did  so,  and  was 
wounded  and  taken  prisoner.  On  his  father’s  side,  the 
grandfather  of  Titian  Peale,  Charles  Peale,  of  Rutlandshire, 
England,  had  been  a  student  at  Cambridge,  England,  and 
came  to  Maryland  about  1726,  where  he  taught  the  free 
school  in  Queen  Anne  county,  at  Chestertown,  in  that  pro¬ 
vince,  until  his  death,  in  1750.  His  great-grandfather,  Rev. 
Charles  Peale,  and  great-great-grandfather,  Rev.  Thomas 
Peale,  were  both  graduated  from  St.  John’s  College,  Cam¬ 
bridge.  His  mother  was  a  daughter  of  William  de  Peyster, 
of  New  York,  a  lineal  descendant  of  Johannes  de  Peyster, 
who  came  to  New  Amsterdam  about  1645  and  filled  various 
public  offices  there  between  1655  and  1677.  His  father, 
Charles  Willson  Peale,  is  best  known  to  us  today  from  the 
fact  of  his  having  painted  the  earliest  known  portrait  of 
Washington,  and  later,  others,  the  result  of  fourteen  personal 
sittings  by  Washington.  However,  he  was  not  only  an 
artist,  but  a  patriot  as  well,  having  been  in  service  during  the 
Revolution  from  the  time  of  the  battle  of  Trenton  until  the 
army  went  into  winter  quarters  at  Valley  Forge.  He  was 
also  the  founder  of  the  Philadelphia  Museum,  which,  begin¬ 
ning  in  1784  with  a  collection  of  portraits  of  men  celebrated 
during  the  Revolution,  gradually  grew  into  a  museum  of 
natural  history  and  ethnology,  known  as  Peale’s  Museum. 
After  the  death  of  C.  W.  Peale  it  was  incorporated  as  the 
Philadelphia  Museum  Company,  and  continued  in  existence 
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until  1854.  Here  it  was,  under  the  guidance  and  tuition  of 
his  father,  that  Titian  Peale  received  his  early  training  as  a 
draftsman  and  naturalist.  He  went  to  school  in  German¬ 
town,  and  in  Montgomery  county,  Pennsylvania.  The  only 
record  we  have  of  him  at  this  period  of  his  life  is,  “Titian  is 
a  very  good  boy  and  goes  to  school  constantly.”  Early  in 
1817  he  was  elected  to  membership  in  the  Academy  of  Nat¬ 
ural  Sciences  of  Philadelphia.  In  the  autumn  of  1817  an 
expedition  was  organized  at  the  Academy  of  Natural  Sciences 
of  Philadelphia  to  procure  specimens  of  natural  history  in 
the  Sea  Islands  and  adjacent  coast  of  Georgia  and  in  eastern 
Florida.  The  members  of  this  expedition  were  William 
Maclure,  Thomas  Say,  George  Ord,  and  Titian  R.  Peale,  the 
latter  being  at  that  time  in  his  eighteenth  year.  The  winter 
of  1817-1818  was  spent  in  these  regions,  and  large  collections 
were  made,  which  were  deposited  mainly  in  the  Academy 
of  Natural  Sciences,  although  some  of  the  specimens  went 
to  the  Philadelphia  Museum.  Florida  at  this  time  belonged 
to  Spain,  and  the  Seminole  and  Creek  Indians  earlier  in  the 
year  had  been  troublesome  and  at  war  with  the  United 
States;  and  as  hostilities  still  existed,  the  Spanish  governor 
of  Florida  advised  them  to  return,  as  he  could  not  promise 
them  assistance  in  case  they  should  be  attacked  by  the  In¬ 
dians.  This  shortened  the  trip,  and  the  party  returned  early 
in  the  year  1818.  The  following  year  Major  Stephen  H.  Long’s 
expedition  from  Pittsburg  to  the  Rocky  Mountains  was 
organized.  This  expedition  was  to  explore  the  country  be¬ 
tween  the  Mississippi  and  the  Rocky  Mountains,  exploring 
first  the  Missouri  and  its  principal  branches,  and  then,  in 
succession,  Red  River,  Arkansas,  and  Mississippi  above  the 
mouth  of  the  Missouri.  Everything  interesting  in  relation 
to  soil,  face  of  the  country,  water-courses,  and  productions, 
whether  animal,  vegetable,  or  mineral,  was  to  be  noted. 
Titian  Peale  was  appointed  assistant  naturalist.  He  was  then 
about  19  years  old.  His  duties  as  detailed  by  Major  Long 
were  as  follows: 

“Mr.  Peale  will  officiate  as  assistant  naturalist.  In  the  sev- 
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eral  departments  above  enumerated  his  services  will  be  re¬ 
quired  in  collecting  specimens  suitable  to  be  preserved,  in 
drafting  and  delineating  them,  in  preserving  the  skins,  &c., 
of  animals,  and  in  sketching  the  stratifications  of  rocks, 
earths,  &c.,  as  presented  on  the  declivities  of  precipices.” 

His  services  were  paid  for  at  the  rate  of  $1.50  per  day,  and 
the  principal  naturalists  received  $2.00  per  day,  and  all  were 
allowed  one  ration  per  day  until  they  left  Council  Bluffs. 

His  brother  Rembrandt,  writing  to  this  boy  of  nineteen 
while  the  expedition  was  organizing  at  Pittsburg,  gives  him 
the  following  advice: 

“I  suspect  that  you  will  be  the  only  draughtsman.  I 
therefore  recommend  you  to  practice  immediately  sketching 
from  nature.  I  know  how  well  you  draw  when  you  have  the 
object  placed  quietly  before  you,  but  if  you  practice  sketch¬ 
ing  from  human  figures  as  well  as  animals  and  trees,  hills, 
cataracts,  &c.,  you  will  be  able  to  present  us  with  many  cu¬ 
rious  and  interesting  representations.  Get  into  the  habit 
of  making  notes  of  everything  as  it  occurs,  no  matter  how 
short.  Memoranda  written  at  the  moment  have  always  an 
interest  of  accuracy  that  distant  recollections  never  have. 
Make  drawings  of  the  Indians  in  their  various  dresses ;  these 
will  be  infinitely  more  interesting  than  if  made  from  the 
dresses  put  on  white  men  afterwards.  Give  us  some  accurate 
drawings  of  their  habitations.  I  have  never  seen  one  that 
was  decently  finished.” 

The  expedition  left  Pittsburg  May  5,  1819,  and  on  the  9th 
of  June  reached  St.  Louis.  The  west  side  of  the  Missouri 
River  was  then  followed,  and  winter  quarters  were  estab¬ 
lished  at  Council  Bluffs,  near  the  site  of  the  present  city  of 
Omaha,  on  the  19th  of  September.  The  party  remained 
here  until  the  following  spring,  and  on  the  6th  of  June, 
1820,  began  the  march  by  way  of  the  Platte  River  to  the 
Rocky  Mountains.  When  the  party  left  the  engineer  can¬ 
tonment  it  consisted  of  twenty  persons,  with  twTenty  riding 
animals  and  eight  pack  animals.  The  personal  belongings 
of  the  members  of  the  expedition  were  carried  by  each  one 
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mainly  on  his  own  riding  animal.  A  month  later  the 
Rocky  Mountains  were  reached  and  the  party  turned  south 
along  their  eastern  edge  to  the  Arkansas  River.  Feale  was 
one  of  the  party  under  Dr.  James  that  was  detailed  to  make 
the  ascent  of  Pike’s  Peake — the  first  ever  to  ascend  that 
mountain.  Long  named  the  mountain  James  Peak  in 
honor  of  Dr.  James,  saying  that  Pike  had  indeed  given  notice 
that  there  is  such  a  peak,  but  he  only  saw  it  from  a  distance. 
However,  Pike’s  name  still  holds  and  probably  always  will. 

The  expedition  turned  its  back  on  the  Rocky  Mountains 
on  July  19  and  proceeded  down  the  Arkansas  River  Peale 
was  one  of  the  party  with  Major  Long  and  Dr.  James  to  ex¬ 
plore  the  sources  of  the  Red  River,  after  which  the  expedi¬ 
tion  continued  on  their  way  down  the  Arkansas.  After 
visiting  the  hot  springs  of  Arkansas  they  proceeded  to  Cape 
Girardeau,  on  the  Mississippi  River,  in  Missouri,  below  the 
mouth  of  the  Ohio  River,  wdiere  the  party  disbanded  late 
in  November,  1820. 

Among  the  collections  made  on  this  expedition  were  60 
prepared  skins  of  animals  then  new  to  science  or  rare,  sev¬ 
eral  thousand  insects  mostly  newT,  500  species  of  plants,  most 
of  which  were  new  and  undescribed,  and  a  large  collection  of 
shells  and  many  minerals.  ^  These  collections  were  deposited 
in  the  Philadelphia  Museum.  Peale  made  122  sketches  dur¬ 
ing  the  trip  which  were  also  deposited  in  the  Philadelphia 
Museum  by  Major  Long.  Many  of  them  were  afterwards 
elaborated  and  used  in  the  illustration  of  the  scientific 
papers  published  by  the  members  of  the  expedition.  Among 
them  were  numerous  articles  by  Dr.  Thomas  Say.  Bona¬ 
parte  sent  Peale  to  Florida  in  1824.  Volumes  I  and  IV  of 
Bonaparte’s  American  Ornithology,  in  which  the  birds  col¬ 
lected  on  Long’s  expedition  were  described,  were  both  illus¬ 
trated  with  colored  plates  by  Peale. 

Bonaparte,  in  the  preface  to  his  first  volume,  says: 

“I  have  been  solicitous  to  procure  the  best  representations 
of  my  birds  and  hope  I  have  succeeded  through  the  happy 
pencil  of  Mr.  Titian  Peale.  A  better  choice  could  not  have 
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been  made  than  that  of  Mr.  Peale,  whose  zeal  in  the  cause  of 
natural  history  had  previously  induced  him  to  join  those 
useful  citizens  who,  under  the  command  of  that  excellent 
officer,  Major  Long,  explored  the  western  wilds  as  far  as  the 
Rocky  Mountains.” 

Peale  also  drew  the  plates  for  the  three  volumes  of  Say’s 
American  Entomology,  published  in  1824-’28,  and  in  the 
original  work  the  18  plates  in  each  volume  were  colored  by 
him.  The  North  American  Review  said  of  this  that  for 
beauty  and  elegance  this  work  surpasses  any  other  that  has 
been  published  in  this  country.  Several  large  oil  paintings 
were  made  by  Peale  from  sketches  made  during  this  trip, 
among  them  groups  of  buffalo,  moose,  and  Rocky-Mountain 
sheep.  He  also  exhibited  at  the  Pennsylvania  Academy  of 
Fine  Arts,  in  Philadelphia,  a  collection  of  water  color  draw¬ 
ings  of  animals. 

In  1831  an  expedition  was  organized  under  the  patronage 
of  Dr.  Marmaduke  Burrows  for  the  exploration  of  the  Mag¬ 
dalena  River,  in  South  America.  Titian  Peale  accompanied 
it  and  the  collections  were  presented  to  the  Philadelphia 
Museum,  and  the  Museum  Company  voted  Mr.  Burrows  a 
gold  medal  for  his  munificent  liberality. 

In  1833  Peale  published  the  first  part  of  a  work  on 
Lepidoptera  Americana ,  illustrated  with  colored  plates,  which 
was  never  carried  to  completion.  He  also  made  the  illustra¬ 
tions  for  a  number  of  articles  that  appeared  in  the  Proceed¬ 
ings  of  the  Philadelphia  Academy  of  Sciences  about  this 
time.  When  his  brother  Franklin  Peale  went  to  Europe  in 
connection  with  some  work  for  the  United  States  Mint, 
Titian  was  placed  in  charge  of  the  Philadelphia  Museum. 
July  19,  1833,  he  was  elected  a  member  of  the  American 
Philosophical  Society,  and  a  few  years  later,  when  the 
Wilkes  Exploring  Expedition  was  organized,  he  was  ap¬ 
pointed  one  of  the  two  naturalists  to  accompany  it.  This 
expedition  to  the  South  Seas  extended  over  the  years  1838- 
539-’40  and  ’42.  Peale  was  attached  to  the  sloop  Peacock, 
which  was  wrecked  at  the  mouth  of  the  Columbia  River,  in 
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Oregon,  May  18,  1840.  After  this  he  was  with  the  party 
that  proceeded  overland  from  Oregon  to  San  Francisco,  where 
he  joined  the  Vincennes.  Oregon  at  this  time  was  claimed 
by  England  and  California  belonged  to  Mexico. 

The  exploring  expedition,  under  command  of  Captain 
Charles  Wilkes,  left  Norfolk  August  18,  1838.  They  went 
first  to  Madeira,  next  to  Brazil,  and  then  followed  down  the 
coast  of  South  America,  rounded  Cape  Horn,  and  after  visit¬ 
ing  Chili,  explored  the  various  groups  of  islands  in  the  South 
Seas,  among  them  the  Navigator  Islands  and  Fiji,  and  after 
examining  the  little-known  areas  of  the  Antarctic  Sea, 
touched  at  New  Zealand,  and  then  proceeded  to  the  north¬ 
west  coast  of  America,  stopping  at  the  Sandwich  Islands  on 
the  way.  From  San  Francisco  they  sailed  to  Japan,  and 
thence  home  via  the  Philippine  Islands,  Singapore,  and  the 
Cape  of  Good  Hope,  reaching  New  York  in  June,  1842. 
Peale  made  many  sketches  during  this  voyage,  some  of 
which  were  used  to  illustrate  a  number  of  the  volumes 
published  by  Captain  Wilkes.  A  river  in  one  of  the  Fiji 
Islands  was  named  for  him. 

The  friction  that  somehow  seemed  inevitable  in  the  earlier 
days  of  exploration,  when  civilian  scientific  men  and  mili¬ 
tary  and  naval  officers  were  associated,  occurred  during  the 
course  of  this  expedition.  Wilkes  refers  to  it  as  follows : 

“  Some  dissatisfaction  was  felt  at  the  outset  by  a  few  of  the 
naturalists  because  they  were  not  allowed  all  the  opportuni¬ 
ties  they  desired  of  making  investigation.  It  was  not  to  be 
supposed,  from  the  many  interests  and  their  inexperience 
in  naval  duties,  that  all  could  agree  that  the  particular  ob¬ 
jects  of  the  several  departments  received  the  proper  consid¬ 
eration.  Each  would  naturally  look  upon  his  own  as  the 
most  important.  They  were  not  aware  of  my  instructions 
and  of  the  duties  that  were  enjoined  upon  me,  and  I  think 
did  not  take  into  consideration  the  loss  of  time  I  had  met 
with  from  various  causes,  and  that  my  instructions  were  at 
times  partly  frustrated.  Besides,  it  was  my  duty  to  look  to 
the  essential  objects  of  the  expedition,  which  were  entirely 
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unknown  to  them.  They  are  now,  after  the  cruise  has 
passed,  I  believe  fully  satisfied  that  it  was  not  possible,  with¬ 
out  sacrificing  the  greater  interests,  to  give  more  attention 
than  I  did  to  subordinate  parts.” 

That  the  friction  in  every  case  did  not  cease  with  the  end¬ 
ing  of  the  cruise  is  evident  from  Peale’s  experience.  When 
he  prepared  his  volume  (Vol.  VIII  of  the  series  of  reports), 
on  Mammalogy  and  Ornithology,  he  was  denied  the  opportu¬ 
nity  of  consulting  his  collections,  which  were  then  in  Phila¬ 
delphia,  and  the  book  was  issued  without  the  plates  which 
he  had  prepared  and  colored  for  it.  This  was  issued  in 
1848,  and  ten  years  later  another  volume,  with  the  same  title, 
was  published  by  John  Cassin,  who  had  not  only  the  origi¬ 
nal  Peale  collection  to  study,  but  who  also  was  allowed  to  in¬ 
corporate  in  his  report  many,  if  not  all,  of  the  plates  pre¬ 
pared  by  Peale.  Peale’s  volume  is  rare  and  is  said  to  have 
been  suppressed. 

Stone,  of  the  Academy  of  Natural  Sciences  of  Philadel¬ 
phia,  on  the  authority  of  Jardine’s  Contributions  to  Orni¬ 
thology,  published  in  1852,  says  that  only  100  copies  of  each 
of  the  Reports  of  the  Exploring  Expedition  were  published 
by  the  Government,  but  that  the  authors  were  allowed  to 
have  printed  as  many  more  as  they  chose,  for  their  personal 
use,  and  that  Peale  was  the  only  one  that  did  not  avail  him¬ 
self  of  this  privilege.  Only  90  of  his  reports  were  distrib¬ 
uted  by  the  Government,  the  remainder  of  the  edition  being 
destroyed  by  fire.  Peale  felt  that  he  had  been  treated  with 
great  injustice  in  this  matter,  and  evidently  did  not  care  to 
have  printed  what  he  considered  an  incomplete  work. 

After  the  return  of  the  Wilkes  expedition  Peale  lived  in 
Philadelphia  until  1848.  He  was  a  member  of  the  Musical 
Fund  Society,  of  which  his  brother  Franklin  was  the 
founder  and  president,  and  was  also  connected  with  the 
Washington  Grays,  one  of  the  oldest  military  organizations 
of  the  city.  On  May  17,  1848,  he  received  an  appointment 
as  assistant  examiner  in  the  United  States  Patent  Office  in 
Washington,  and  later  became  principal  examiner  in  the 
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Division  of  Fine  Arts  and  Photography.  He  was  one  of  the 
earliest  amateur  photographers  in  the  country,  and  by  his 
investigations  contributed  much  to  the  art.  Among  the 
negatives  made  by  him  were  many  picturesque  bits  of  scenery 
along  the  Potomac  and  on  Rock  Creek,  views  of  the  public 
buildings  of  Washington  under  guard  at  the  outbreak  of  the 
Civil  War,  a  panoramic  view  of  the  city  of  Washington 
taken  from  one  of  the  towers  of  the  Smithsonian  Institu¬ 
tion,  and  many  views  of  the  military  camps  about  Washing¬ 
ton  from  1861  to  1865. 

Mr.  Peale  was  connected  with  the  Patent  Office  until  June 
30,  1873,  when  he  resigned  and  returned  to  Philadelphia. 
He  spent  most  of  the  time  for  the  next  few  years  on  the 
manuscript  and  illustrations  for  a  work  on  the  Lepidoptera 
of  North  America, — a  subject  in  which  he  had  been  long 
interested — a  large  collection  of  many  years’  growth.  He 
prepared  the  illustrations  in  oil  colors,  and  at  the  time  of 
his  death  had  about  completed  the  work,  which,  however,  for 
lack  of  financial  support  has  never  been  published.  He 
reached  a  vigorous  and  hale  old  age.  Born  in  the  last  year 
of  the  eighteenth  century,  he  lived  through  more  than  three- 
quarters  of  the  nineteenth,  and  after  only  a  day’s  illness 
from  that  dread  enemy  of  those  advanced  in  years — pneu¬ 
monia — died  March  13,  1885,  in  Philadelphia. 

Titian  Peale  was  twice  married.  First,  in  1822,  he  mar¬ 
ried  Eliza  Cecilia  La  Fogue,  by  whom  he  had  eight  children, 
five  sons  and  three  daughters.  One  of  the  latter  was  named 
Florida  in  remembrance  of  his  trip  to  Florida  in  1824. 
Of  his  five  sons  one  was  named  George  Ord,  after  the  leader 
of  the  expedition,  but  only  one  (Francis  Titian)  reached 
manhood.  The  latter  married  and  was  survived  by  one  son 
(Louis  Titian),  who  died  in  1896,  leaving  two  sons  and  two 
daughters,  great-grandchildren  of  Titian  Ramsay  Peale  and 
his  only  surviving  descendants.  His  secopd  wife  was  Lucy 
McMullin,  of  New  York  city. 

The  writer’s  acquaintance  extended  over  the  last  fourteen 
years  of  Peale’s  life. 

45— Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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The  various  expeditions  and  explorations  with  which  he 
had  been  connected  had  made  him  a  careful  observer,  and 
his  experiences,  which  were  world-wide,  made  him  a  most 
agreeable  companion.  Although  low-voiced,  he  was  a  good 
talker  and  had  a  fund  of  anecdote  and  stories  which  took 
one  back  over  three-quarters  of  a  century. 


Albert  C.  Peale,  M.  D. 


THE  PROGRESS  OF  SCIENCE  AS  EXEMPLIFIED 

IN 

TERRESTRIAL  MAGNETISM. 


ANNUAL  PRESIDENTIAL  ADDRESS 

BY 

G.  W.  LITTLEHALES. 


America  will  endeavor  to  pay  back  to  the  world  her  share 
of  the  debt  which  human  welfare  owes  for  the  magnetic 
compass  and  especially  to  France,  England,  and  Germany 
for  the  often  acknowledged  benefits  in  the  measurement  and 
application  of  terrestrial  magnetic  forces  that  have  been  de¬ 
rived  from  the  labors  of  their  great  mathematicians,  by 
giving  in  return  comprehensive  surveys  of  terrestrial  mag¬ 
netism  to  supply  scientists  with  facts  for  the  future  molding 
of  philosophic  thought  and  captains  of  industry  with  more 
perfect  means  for  the  application  of  the  physical  agencies 
to  the  working-power  of  commerce. 

Although,  compared  with  the  older  earth-sciences,  terres¬ 
trial  magnetism  is  a  recent  branch  of  geophysics,  its  potent 
influences  reach  at  least  as  far  back  as  the  beginnings 
of  oceanic  navigation,  and  the  empire  of  our  civilization  is 
built  around  it  in  so  far  as  that  has  been  shaped  by  oceanic 
transit  and  oceanic  commerce. 

A  retrospective  glance  at  the  beginnings  and  growth  of 
knowledge  in  terrestrial  magnetism  will  serve  to  heighten 
our  appreciation  of  the  important  advancements  that  are 
now  being  made  in  this  branch  of  science. 

Even  if  it  be  admitted  that  a  knowledge  of  the  declination 
of  the  compass  needle  from  the  true  north  and  south  direc- 

46— Bull.  Phil.  Soc.,  Wash.,  Vol.  14.  (327) 
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tion  existed  more  than  four  centuries  ago,  it  was  reserved 
to  Columbus,  during  his  voyage  of  discovery  to  the  New 
World,  to  find  that  the  amount  by  which  the  needle  de¬ 
clines  from  the  true  meridian  was  not  everywhere  the  same, 
but  that  in  one  part  of  the  Atlantic  Ocean  the  compass 
pointed  to  the  west  of  north,  and  in  another  part  to  the  east 
of  north ;  and  it  was  no  longer  ago  than  the  year  1634  when 
Gellibrand,  a  professor  of  mathematics  at  Gresham  College, 
in  England,  found  that  the  declination  at  any  certain  place 
does  not  remain  the  same,  but  suffers  a  perpetual  fluctuation 
with  the  course  of  time.  The  world  waited  for  a  realization 
that  the  magnetic  needle,  when  freely  suspended,  inclines 
or  dips  below  the  horizon,  until  Norman,  a  seaman  and 
practical  instrument-maker,  made  his  experiments  in  the 
year  1576,  and,  besides  discovering  the  magnetic  inclina¬ 
tion,  published  the  surmise  that  the  magnetic  directing- 
force  has  its  seat  within  the  earth,  and  not  in  the  heavens 
as  had  previously  been  supposed. 

Thus,  it  was  not  until  the  age  of  medievalism  was  ap¬ 
proaching  its  end  that  any  of  the  tenets  which  lie  at  the 
foundation  of  terrestrial  magnetism  as  a  system  of  organ¬ 
ized  knowledge  were  laid  down;  and  not  until  the  new 
intellectual  life,  heralded  by  the  achievements  of  Galileo, 
Kepler,  Gilbert,  the  Cassinis,  Iluyghens,  Hooke,  and  New¬ 
ton,  had  overspread  the  world,  that  the  sparse  and  inaccu¬ 
rate  observations  of  the  facts  concerning  the  pointing  of 
the  compass-needle  were  set  in  order  by  Edmund  Halley, 
Astronomer  Royal  of  England. 

Gilbert  of  Colchester,  quitting  the  opinions  of  his  genera¬ 
tion  concerning  magnetic  mountains,  or  a  certain  magnetic 
rock,  or  a  distant  phantom  pole  of  the  world  controlling  the 
movement  of  the  compass-needle,  became  the  Galileo  of 
Terrestrial  Magnetism  by  ascribing,  in  the  first  great  work 
on  Physical  Science  that  ever  appeared  in  England,  tfie 
magnetic  action  of  the  earth  itself  as  the  true  cause  of  the 
variation  of  the  compass,  and,  by  expressing  the  perception 
that  the  facts  of  terrestrial  magnetism  could  be  accounted 
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for  by  considering  the  earth  to  be  a  magnetic  body.  Among 
his  predecessors,  Cortesius,  for  example,  spoke  of  a  magnetic 
force  beyond  the  farthest  heavens.  Marsidius  of  Fincio, 
found  the  cause  of  the  variation  in  a  star  of  Ursa;  and 
Petrus  Peregrinus  referred  it  to  the  pole  of  the  world. 

It  had  thus  become  known  through  Gilbert,  a  century 
before  Halley’s  time,  that  the  earth  acts  upon  the  magnetic 
needle  somewhat  as  a  bar  magnet  does,  and  that  it  has 
definite  poles  of  magnetic  strength  and  a  magnetic  field 
surrounding  it  which  may  be  represented  in  general  by  lines 
of  magnetic  intensity  issuing  from  one  pole  and  passing 
to  the  other  by  curved  paths  to  which  a  freely  suspended 
magnetic  needle  will  everywhere  set  itself  tangent. 

For  generations  it  has  been  customary  among  geomag- 
neticians  to  represent  the  elements  of  the  direction  and  in¬ 
tensity  of  the  Earth’s  magnetism,  as  manifested  at  its  sur¬ 
face,  by  lines  conceived  to  be  drawn  upon  the  surface  of  the 
globe.  The  lines  passing  through  all  places  where  the  angle 
between  the  plane  of  the  astronomical  meridian  and  the  ver¬ 
tical  plane  passing  through  a  freely  suspended  magnetic 
needle  is  the  same  are  called  lines  of  equal  magnetic  de¬ 
clination,  or  isogonic  lines.  These  lines  issue  from  one  mag¬ 
netic  pole  and  pass  by  curved  paths  to  the  other  and  through 
the  geographical  poles  of  the  earth.  The  lines  which  are 
conceived  to  be  drawn  through  all  places  where  the  angle 
between  the  direction  of  a  freely  suspended  needle  and  the 
plane  of  the  horizon  is  the  same  are  called  lines  of  equal 
magnetic  inclination,  or  isoclinic  lines.  They  gird  the  earth 
in  circumferences  approximately  parallel  to  the  magnetic 
equator,  somewhat  similar  to  the  arrangement  of  the  paral¬ 
lels  of  latitude  with  reference  to  the  geographical  equator. 
The  magnetic  equator  is  the  locus  of  the  places  at  which  the 
freely  suspended  needle  lies  in  a  horizontal  plane.  As  we 
travel  from  the  magnetic  equator  toward  the  northern  mag¬ 
netic  pole,  the  north-seeking  end  of  the  needle  inclines  more 
and  more  below  the  horizontal  plane  until  it  assumes  a  ver¬ 
tical  direction  when  the  magnetic  pole  is  reached;  and  as  we 
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travel  toward  the  southern  magnetic  pole  similar  changes 
in  inclination  take  place  with  reference  to  the  south-seeking 
end  of  the  needle.  Analogous  results  may  be  obtained  by 
carrying  a  small  needle  through  the  magnetic  field  of  a  bar 
magnet.  At  the  neutral  band,  it  will  be  parallel  to  the  bar, 
while  as  either  end  is  approached,  the  inclination  toward  the 
pole  becomes  greater  and  greater;  and  as  with  the  bar  mag¬ 
net,  so  with  the  earth,  there  is  a  magnetic  field  varying  in 
intensity  of  force  from  point  to  point.  There  is  thus  a  third 
set  of  lines  passing  through  all  points  where  the  intensity 
of  the  Earth’s  magnetic  force  is  the  same.  These  are  known 
as  lines  of  equal  magnetic  intensity  or  isodynamic  lines. 
In  general  contour  they  follow  the  lines  of  equal  inclination 
or  dip. 

These  different  systems  of  lines  representing  the  values  of 
the  magnetic  elements  have  not  on  the  earth  that  symme¬ 
try  and  regularity  which  they  would  present  around  a 
steel  bar,  but,  on  the  contrary,  they  often  pursue  serpentine 
courses,  and  since  the  values  of  the  magnetic  elements  are 
not  fixed  either  as  to  time  or  locality,  they  shift  their  posi¬ 
tions  hourly,  daily,  monthly,  yearly,  and  through  centuries. 

What  Halley  did  in  the  beginning  of  the  eighteenth  cen¬ 
tury  was  to  gather  together  the  observations  of  the  variation 
of  the  compass  or  the  magnetic  declination  that  had  accu¬ 
mulated  in  England  and  publish  them  in  a  world-chart 
showing  the  lines  of  equal  variation  of  the  compass,  for  the 
year  1700,  in  all  the  seas  excepting  the  Pacific  Ocean.  In 
describing  this  chart  the  author  wrote :  “What  is  here  prop¬ 
erly  new  is  the  curve  lines  drawn  over  the  several  Seas,  to 
show  the  degrees  of  the  variation  of  the  magnetical 
needle  or  sea-compass:  Which  are  designed  according  to 
what  I  myself  found,  in  the  Western  and  Southern  oceans, 
in  a  voyage  I  purposely  made  at  the  Public  charge,  in  the 
year  of  our  Lord  1700;  or  have  Collected  from  the  Compari¬ 
son  of  several  Journals  of  Voyages  lately  made  in  the 
Indian  Seas,  adapted  to  the  same  year.” 

Two-thirds  of  a  century  after  the  appearance  of  the  first 


PROGRESS  IN  SCIENCE  IN  TERRESTRIAL  MAGNETISM.  331 

variation-chart  and  nearly  two  centuries  after  the  discovery 
of  the  dip,  Wilcke  issued  the  earliest  world-chart  in  which 
the  first  crude  attempt  was  made  to  represent  the  distribu¬ 
tion  of  the  terrestrial  magnetic  inclination,  in  a  manner 
similar  to  that  employed  by  Halley  in  setting  forth  and  de¬ 
picting  the  features  of  the  magnetic  declination,  although 
Whiston,  a  professor  of  mathematics  in  the  University  of 
Cambridge,  published  a  work  in  1721  giving  an  account  of 
investigations  which  led  him  to  collect  together  all  the  avail¬ 
able  observations  of  dip  and  by  means  of  them  to  draw  upon 
a  Molyneux  terrestrial  globe  the  lines  of  equal  dip  as  far 
as  was  then  possible.  Whiston’s  work  contains  small  maps 
showing  the  lines  of  equal  dip  for  southern  England  and 
northern  France,  but  neither  the  collected  observations  for 
extended  parts  of  the  world  nor  the  isoclinics,  which  are 
described  as  having  been  drawn  upon  the  globe,  are  included 
in  the  book. 

In  an  essay,  entitled  “Magnetismus  der  Erde,”  composed 
to  meet  a  prize-question  propounded  in  1811  by  the  Royal 
Society  of  Science  at  Copenhagen,  Hansteen  took  occasion 
to  collect,  in  addition  to  those  observations  that  had  been 
brought  together  by  his  predecessors,  the  observations  of 
magnetic  declination  and  inclination  which  had  been  pre¬ 
viously  scattered  in  books  of  voyages  and  travels  and  formed 
from  them  maps  of  the  lines  of  equal  declination  corre¬ 
sponding  to  successive  epochs  from  the  year  1600  to  the  year 
1800,  and  also  similar  maps  of  the  lines  of  equal  magnetic 
inclination;  and  between  the  years  1847  and  1875,  in  a 
series  of  fourteen  communications  to  the  Royal  Society  of 
England,  entitled  Contributions  to  Terrestial  Magnetism, 
Sabine  collected  and  discussed  the  observations  that  were 
made  after  Hansteen’s  essay,  and  framed  a  series  of  charts 
of  the  lines  of  equal  magnetic  declination,  inclination,  and 
intensity  covering  every  part  of  the  world,  and  related  to  the 
epoch  1840. 

Perhaps  a  much  closer  approach  than  was  made  by  Sabine 
to  the  true  distribution  of  the  elements  of  terrestrial  mag- 
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netism  as  manifested  at  the  Earth’s  surface  has  never  subse¬ 
quently  been  achieved,  for,  although  national  agencies  in 
the  United  States,  Great  Britain,  and  Germany  have  since 
carried  forward  by  progressive  steps  the  portrayal  of  the  iso- 
magnetic  lines,  there  are  still  great  continental  areas  where 
the  distribution  of  terrestrial  magnetic  forces  has  never 
been  measured  and  up  to  the  present  time  no  systematic 
survey  of  any  of  the  oceanic  areas  has  been  made,  but 
reliance  has  necessarily  been  placed  upon  collections  of 
observations  of  the  magnetic  elements  taken  at  widely  differ¬ 
ent  times  and  under  every  variety  of  circumstances. 

It  will  not  be  overlooked  that  out  of  Sabine’s  remarkable 
system  of  records  and  tabulations  grew  the  first  compre¬ 
hensive  representation  of  lines  of  equal  values  of  the  inten¬ 
sity  of  the  Earth’s  magnetic  force.  For  a  long  time  the 
method  of  vibrations  was  the  only  acceptable  process  in  use 
for  obtaining  measures  of  magnetic  intensity,  and  these 
measures,  which  were  only  relative  and  depended  upon  the 
magnetic  moment  of  some  arbitrarily  chosen  magnet, 
entered  largely,  through  the  observations  of  Bossel,  D’En¬ 
trecasteaux,  and  Humboldt,  into  Sabine’s  isodynamic  charts. 
Coulomb,  Hansteen,  and  Poisson  all  contributed  more  or  less 
to  the  improvement  of  the  method  of  vibrations  for  intensity 
measurements;  and  finally  it  reached  perfection  in  the 
hands  of  Gauss  who  coupled  it  in  a  thorou  ghly  scientific  man¬ 
ner  with  the  method  of  deflexions  and  made  the  first  abso¬ 
lute  measure  of  the  horizontal  intensity  of  the  Earth’s  mag¬ 
netic  force  at  Gottingen  on  the  18th  of  September,  1832. 

Karl  Fiedrich  Gauss,  the  first  mathematician  of  the  nine¬ 
teenth  century,  was  the  demi-god  who  made  the  magnetism 
of  the  Earth  an  agency  for  the  scientific  investigation  of 
terrestrial  physics.  The  fundamental  processes  upon  which 
all  the  exact  sciences  rest  are  weighing  and  measuring;  and 
it  was  Gauss  who  first  measured  the  terrestrial  magnetic 
force  in  terms  of  the  fundamental  units  of  space,  mass,  and 
time,  and  who  devised  the  first  magnetometers  and  instru¬ 
ments  for  the  registration  of  the  momentary  and  ephemeral 
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variations  in  the  direction  of  the  magnetic  needle  and  the 
intensity  of  the  Earth’s  magnetic  force  through  which  ter¬ 
restrial  magnetism  has  been  interrelated  with  meteorology, 
geology,  and  solar  physics,  and  who  gave  the  mathematical 
theory  of  terrestrial  magnetism  which  has  shaped  the  prog¬ 
ress  of  all  subsequent  investigations.  His  analytical  ex¬ 
pressions  for  the  distribution  of  the  terrestrial  magnetic 
forces  represent  the  highest  stage  of  completeness  attainable 
with  the  material  available  in  his  time.  He  greatly  re¬ 
gretted  that  the  inaccuracy  of  some  of  the  data  and  their  in¬ 
sufficiency  did  not  permit  of  a  more  accurate  determination 
of  his  coefficients.  Improvement  could  only  be  hoped  for 
with  the  addition  of  new  material  and  so  his  first  endeavors, 
in  which  he  was  ably  supported  by  Weber  and  Lamont,  were 
to  obtain  new  data  and  improve  the  instruments  and  meth¬ 
ods  of  observation.  His  method  of  deriving  an  analytical 
expression  to  represent  the  facts  of  the  Earth’s  magnetic 
state  as  manifested  at  its  surface  was  by  expressing  its  poten¬ 
tial  in  a  series  of  solid  harmonics,  the  coefficients  of  which  he 
determined  for  the  first  four  degrees  in  order  to  secure  a 
tolerably  accurate  determination  of  the  actual  state  of  the 
Earth’s  magnetism.  These  methods  imply  that  a  complete 
magnetic  survey  of  the  Earth’s  surface  has  been  made  and 
that  the  values  of  the  terrestrial  magnetic  components  are 
known  at  a  given  epoch.  There  have  been,  however,  at  all 
times  in  the  past,  and  there  are  at  present,  large  tracts  of  the 
Earth’s  surface  about  which  we  have  no  data,  so  that  the  full 
benefit  of  the  classical  investigations  of  Gauss  can  not  yet 
be  reaped. 

It  is  not  alone  the  distribution  of  the  Earth’s  magnetism 
that  has  received  investigation,  but  its  variations  with  time 
have  also  been  made  a  subject  of  profound  study.  By 
comparison  of  the  early  charts  of  the  isomagnetic  lines  of 
the  globe  with  those  of  the  present  epoch,  we  are  struck 
with  the  changes  which  time  works  in  the  Earth’s  magnetic 
state  and  are  brought  to  a  realization  of  the  fact  that  we  are 
still  unacquainted  with  one  of  the  powerful  forces  in  ter¬ 
restrial  physics. 
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We  do  not  know  why  the  earth  should  act  like  a  magnet, 
but  we  are  aware  that  the  observed  manifestations  could  only 
be  caused  by  magnetized  matter  or  electric  currents  within 
the  substance  of  the  Earth,  or  by  electric  currents  in  the 
region  outside  of  the  Earth ;  and  one  of  the  first  fruits  of  the 
expression  of  the  magnetic  potential  of  the  Earth  in  terms 
of  spherical  harmonics  was  the  proof  that  the  principal  seat 
of  activity  of  the  causes  which  produce  the  observed  facts 
of  terrestrial  magnetism  is  located  inside  of  the  crust  of 
the  Earth. 

The  endeavors  of  most  of  the  early  investigators  into  the 
nature  of  the  Earth’s  magnetism  to  express  its  manifesta¬ 
tions  as  the  result  of  one  or  more  bar  margets  utterly  failed 
to  account  for  the  complications  of  the  actual  facts  of  obser¬ 
vation.  The  earth  is  a  very  irregularly  magnetized  magnet 
with  a  pole  similar  to  that  which  we  call  the  south  pole  of 
the  magnet,  somewhere  in  the  north  of  North  America  and 
an  opposite  pole  somewhere  in  the  Antartic  region,  but  not 
at  opposite  ends  of  a  diameter. 

If  the  Earth  w'ere  magnetized  uniformly  in  the  same  di¬ 
rection  throughout  its  interior,  the  potential  would  be  a 
harmonic  of  the  first  degree,  the  magnetic  meridians  would 
be  great  circles  passing  through  two  magnetic  poles  diamet¬ 
rically  opposite,  and  the  magnetic  equator  would  be  a  great 
circle. 

One  proof  of  the  futility  of  the  attempts  of  the  older 
philosophers  to  explain  the  distribution  of  the  Earth’s  mag¬ 
netism  on  the  hypothesis  that  the  Earth  contained  some- ' 
thing  like  a  bar  magnet  is  the  fact  that  there  are  two  places 
in  the  northern  hemisphere — one  in  the  north  of  Canada, 
and  another  in  the  north  of  Siberia — where  the  terrestrial 
magnetism  has  a  maximum  force.  These  are  called  the 
magnetic  foci.  Generations  ago  leading  authorities,  reason¬ 
ing  by  induction,  contended  that  the  observed  facts  could 
not  be  explained  without  admitting  that  there  are  two 
systems  of  magnetism  superposed — one  having  reference  to 
the  stronger  focus  in  Canada  and  the  other  to  the  weaker 
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in  Siberia.  Sabine,  whose  experience  in  analyzing  the  regis¬ 
trations  of  the  momentary  and  ephemeral  changes  of  the 
Earth’s  magnetic  state  was  very  great,  thought  that,  “  of 
the  two  magnetic  systems  which  are  distinctly  recognizable 
in  the  magnetism  of  the  globe,  one  has  a  terrestrial  and  the 
other  a  cosmical  source,”  and  that  it  is  “  the  latter  of  these 
two  systems  which,  by  its  progressive  translation,  gives  rise 
to  the  phenomena  of  secular  change  and  to  those  magnetic 
cycles  which  owe  their  origin  to  the  operation  of  the  secular 
change,”  concurring  with  the  conclusion  of  Walker  that, 
“  the  magnetic  influence  at  any  point  of  the  globe  is  the 
result  of  two  distinct  magnetic  systems,  the  principal  of 
which  is  the  magnetic  system  proper  of  the  globe,  having 
its  northern  point  of  greatest  attraction  in  the  North  Ameri¬ 
can  continent,  whilst  the  weaker  system  is  that  which 
results  from  the  magnetism  induced  in  the  Earth  by  cosmical 
action,  and  of  which  the  northern  point  of  greatest  attrac¬ 
tion  is  at  present  in  the  north  of  the  Asiatic  continent.  Thus 
the  direction  of  the  magnet  at  any  point  results  from  the 
superposition  of  these  two  systems,  the  nearer  pole  being 
always  predominant  over  the  more  remote.”  The  sagacity 
of  this  induction  is  borne  out  by  the  results  obtained  in 
later  times  by  mathematical  physicists. 

Among  many  remarkable  facts  about  the  Earth’s  magnetic 
state  one  of  the  most  remarkable  is  that  there  is  a  magnetical 
difference  or  want  of  symmetry  between  the  two  hemispheres, 
the  northern  and  the  southern.  Now,  the  one  great  natural 
phenomenon  with  which  this  agrees  is  that  of  the  Earth’s 
rotation,  and  there  are  many  lines  of  thought  which  lead  to 
the  notion  that  the  Earth’s  magnetic  state  may  have  been 
originally  produced  by,  even  if  it  is  not  maintained  by,  the 
Earth’s  diurnal  rotation. 

The  study  of  the  diurnal  changes  presents  a  simpler 
problem  than  the  general  distribution  and  the  secular 
changes  of  the  Earth’s  magnetism,  because  the  facts  re¬ 
quired  for  its  treatment  do  not  demand  a  world- wide  mag¬ 
netic  survey  but  may  be  derived  from  the  operations  of  the 
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registration-observatories  that  have  been  established  in  va¬ 
rious  countries.  Investigators  although  not  assuming  be¬ 
forehand  the  existence  of  a  magnetic  potential,  have  never¬ 
theless  found  evidence  that  the  effects  of  the  diurnal  changes 
are  deducible  from  such  a  potential,  and  in  giving  proofs 
that  their  primary  cause  comes  to  us  from  outside  the 
Earth’s  surface,  have  marked  out  the  avenue  of  approach 
toward  a  solution  of  the  internal  electrical,  conductivity 
of  the  Earth,  the  external  conductivity  of  space,  and  the 
great  problem  of  solar  influence  in  terrestrial  phenomena. 

In  a  memorable  series  of  investigations  on  the  decompo¬ 
sition  of  the  Earth’s  permanent  magnetic  field,  in  which 
the  principal  features  of  the  distribution  of  magnetic  forces 
on  the  surface  of  the  Earth  are  considered  to  be  roughly 
represented  by  harmonics  of  the  first  degree  and  are  thus 
calculated  and  subtracted  from  the  actual  forces  in  order  to 
discover  where  the  centers  lie  which  render  the  surface  dis¬ 
tribution  unsymmetrical,  Bauer  of  Washington,  building 
on  the  broad  foundation  laid  by  Gauss  and  utilizing  the 
splendid  recomputations  of  the  Gaussian  coefficients  that 
have  been  made  by  Schmidt  in  Germany  and  Adams  in 
England,  has  established  the  widely  ramifying  relations  be¬ 
tween  terrestrial  magnetism  and  the  other  earth -sciences, 
has  found  the  secular  change  in  the  Earth’s  magnetism  io 
be  due  to  two  systems  of  magnetic  or  electric  forces,  situated 
partly  within  and  partly  without  the  solid  substance  of 
the  Earth,  which  in  the  course  of  time  cause  changes  both 
in  the  direction  and  intensity  of  magnetization,  and  has 
forged  the  key  with  which  to  unlock  portals  leading  to  a 
knowledge  of  the  inner  state  and  history  of  our  planet. 

Professor  Fleming  has  aptly  said  that  “  Our  investiga¬ 
tions  lead  to  the  conclusion  that  the  Earth  is  alive  with 
ever  changing  magnetic  forces,  and  that  its  magnetic  state 
at  any  point  is  not  only  altering  in  a  slow  progressive  man¬ 
ner,  like  the  solemn  march  of  the  constellations  in  the 
heavens,  but  has  its  daily  tides  like  the  ocean,  and  also  like 
the  restless  sea,  is  ever  and  again  thrilled  with  little  ripples 
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or  waves  of  changing  magnetism,  or  lashed  into  furious 
magnetic  storms and  we  may  add  that,  in  our  present  state 
of  knowledge,  the  causes  of  all  these  changes  are  associated 
with  an  indefinable  something,  which,  like  an  undetected 
planet,  we  recognize  by  its  workings,  though  unable  as  yet 
adequately  to  describe. 

Let  us  then  look  back  for  a  moment  and  see  the  steps  by 
which  we  have  ascended  from  the  lodestone — by  the  dis¬ 
covery  of  the  declination  and  inclination,  by  the  grand  con¬ 
ception  of  Gilbert,  by  the  labors  of  Halley,  Hansteen,  and 
Sabine,  and  by  the  mathematical  genius  of  Gauss — up  to 
the  threshold  of  the  era  in  which  we  see  clearly  that  the 
office  which  we  have  to  perform  in  order  to  effect  definite 
progress  in  the  science  of  terrestrial  magnetism  is  to  dis¬ 
cover,  by  scientific  measurement,  the  observational  facts  of 
the  direction  and  intensity  of  the  Earth’s  magnetic  force, 
both  over  the  land  and  over  the  sea,  in  every  part  of  the 
world. 
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ARTICLES  OF  INCORPORATION. 


Whereas,  the  Philosophical  Society  of  Washington  was  organ¬ 
ized  in  the  city  of  Washington,  District  of  Columbia,  for  scien¬ 
tific  purposes,  March  13,  1871,  as  an  unincorporated  association 
and  has  so  continued  to  the  present  time,  and  is  now  desirous  of 
becoming  incorporated;  now,  therefore, 

We,  the  undersigned,  founders  and  members  of  said  unincor¬ 
porated  association,  and  pursuant  to  instructions  therefrom, 
being  citizens  of  the  United  States  and  a  majority  of  whom  are 
citizens  of  the  District  of  Columbia,  do  hereby  associate  our¬ 
selves  as  a  body  corporate,  for  the  above-mentioned  purposes, 
under  the  general  incorporation  acts  of  the  Congress  of  the 
United  States  enacted  for  the  District  of  Columbia,  and  we  do 
hereby  certify,  in  pursuance  of  said  acts,  as  follows : 

First,  The  name  or  title  by  which  such  society  shall  be  known 
in  law  is  the  Philosophical  Society  of  Washington. 

Second,  The  term  for  which  such  society  is  organized  is  nine 
hundred  and  ninety-nine  years. 

Third,  The  particular  business  and  objects  of  the  society  are 
the  promotion  of  science,  the  advancement  of  learning,  and  the 
free  exchange  of  views  among  its  members  on  scientific  subjects. 

Fourth,  The  number  of  its  managers  for  the  first  year  of  its 
existence  shall  be  twenty-five. 

In  testimony  whereof  we  have  hereto  set  our  names  and  affixed 
our  seals,  at  the  city  of  Washington,  in  the  District  of  Columbia, 
on  the  fifteenth  day  of  May,  1901. 


Wm.  H.  Dale,  Founder.  [l.  s.] 
Theo.  Gill,  Founder.  [l.  s.] 

Simon  Newcomb,  Founder,  [l.  s.] 


Cyrus  Adler. 

[L.S.] 

Charles  F.  Marvin. 

[L.S.] 

Marcus  Baker. 

[L.  s.] 

H.  M.  Paul.’ 

[L.  s.] 

Louis  A.  Bauer. 

[L.  S.] 

J.  W.  Powell. 

[L.  S.] 

Frank  H.  Bigelow. 

[L.  S.] 

Richard  Rathbun. 

[L.S.] 

F.  W.  Clarke. 

[L.  s.] 

Geo.  M.  Sternberg. 

[L.  8.] 

Wm.  A.  De  Caindry. 

[l.  8.] 

Otto  H.  Tittmann. 

[L.  S.] 

Robert  Fletcher. 

[L.  S.] 

F.  W.  True. 

[L.  s.] 

G.  K.  Gilbert. 

[L.  S.] 

Chas.  D.  Walcott. 

[L.  S.] 

James  H.  Gore. 

[L.  S.] 

J.  E.  Watkins. 

[L.  S.] 

John  G.  Hagen. 

[L.  S.] 

Charles  K.  Wead. 

[L.S.] 

John  F.  Hayford. 

[L.  S.] 

Isaac  Winston. 

[L.S.] 

Geo.  W.  Littlehales. 

[L.  S.] 

(Acknowledged  before  Henry  E.  Cooper,  notary  public,  May 
18,  1901.) 

(Filed  May  20,  1901.) 
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BY-LAWS 


OF  THE 

PHILOSOPHICAL  SOCIETY  OF  WASHINGTON. 


Adopted  by  the  Society  December  20,  1902. 


Article  I. 

The  Officers  of  the  Society ,  Their  Election  and  Duties. 

Section  1.  The  officers  of  the  Society  shall  be  a  President, 
four  Vice-Presidents,  a  Treasurer,  and  two  Secretaries,  who, 
with  nine  members  chosen  for  the  purpose,  and  such  of  the 
Past  Presidents  resident  in  Washington  and  retaining  member¬ 
ship  as  shall  annually  consent  to  serve,  shall  constitute  the 
board  of  management  of  the  Society,  to  be  called  the  General 
Committee.  The  officers  and  the  nine  members  shall  be  elected 
by  ballot  at  the  last  regular  meeting  of  the  Society  in  Decem¬ 
ber  of  each  year,  to  be  known  as  the  Annual  Meeting,  and  shall 
hold  office  until  the  close  of  the  meeting  at  which  their  succes¬ 
sors  are  elected.  Any  vacancy  occurring  among  the  officers  or 
the  nine  members  shall  be  filled  for  the  residue  of  the  term  by 
election  by  the  General  Committee. 

Section  2.  The  President  shall  preside  at  all  meetings  of  the 
Society  and  of  the  General  Committee;  shall  call  special  meet¬ 
ings  of  either  when  necessary,  and  shall  appoint  all  committees 
not  otherwise  provided  for.  During  his  absence  or  disability 
his  duties  shall  devolve  upon  the  Vice-President  senior  in  mem¬ 
bership  in  the  Society  present. 

Section  3.  The  Treasurer  shall,  under  the  direction  of  the 
General  Committee,  have  charge  of  the  funds  and  investments  of 
the  Society.  He  shall  keep  a  register  of  members  from  data  ob¬ 
tained  from  the  Secretaries ;  shall  make  collections  and  disburse¬ 
ments,  and  render  an  annual  report.  His  accounts  shall  be 
audited  annually  by  a  committee  of  the  Society  not  members 
of  the  General  Committee. 
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Section  4.  The  Secretaries  shall  record  the  proceedings  of  the 
Society,  the  General  Committee,  and  the  Executive  Committee; 
conduct  the  correspondence,  issue  notices  of  meetings,  keep  a 
register  of  members,  showing  dates  of  elections,  acceptances, 
transfers,  resignations,  deaths,  etc.,  and  shall  make  an  annual 
report  which  shall  include  the  names  of  members  elected  since 
the  previous  annual  meeting. 

Article  II. 

The  General  Committee. 

The  General  Committee  shall  have  the  control  and  manage¬ 
ment  of  the  affairs,  property,  and  funds  of  the  Society,  and 
a  majority  shall  be  a  quorum  for  the  transaction  of  business. 
It  shall  choose  from  its  own  membership  nine  members  to  con¬ 
stitute  an  Executive  Committee  for  the  performance  of  such 
duties  as  may  be  assigned  to  it  by  the  General  Committee.  It 
shall  adopt  by-laws  for  the  government  of  itself  and  the  Execu¬ 
tive  Committee,  for  the  establishment  and  government  of  Stand¬ 
ing  Committees,  for  the  nomination  and  election  of  new  mem¬ 
bers,  for  the  publications  of  the  Society,  for  the  dues  of  members, 
and  for  such  other  matters  not  covered  herein  as  may  be  neces¬ 
sary  to  carry  out  the  objects  of  the  Society. 

Article  III. 

Meetings  of  the  Society. 

Section  1.  Eegular  meetings  of  the  Society  shall  be  held  on 
alternate  Saturdays  from  October  to  May,  inclusive,  at  8  p.  m., 
for  the  consideration  and  discussion  of  scientific  subjects. 

Section  2.  The  regular  meeting  immediately  preceding  the 
Annual  Meeting  shall  be  set  apart  for  the  President’s  annual 
address. 

Section  3.  The  last  regular  meeting  in  December  shall  be  the 
Annual  Meeting  for  the  election  of  officers  and  the  presentation 
of  annual  reports. 

Section  4.  The  meetings  of  the  Society  shall  be  held  at  the 
rooms  of  the  Cosmos  Club  except  when  otherwise  designated  by 
the  General  Committee. 
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Article  IV. 

The  Annual  Meeting. 

Section  1.  At  the  Annual  Meeting  of  the  Society  the  order  of 
proceedings  shall  be  announced  by  the  Chair  as  follows : 

1.  Reading  the  minutes  of  the  last  Annual  Meeting. 

2.  Presentation  of  annual  report  of  the  Secretaries. 

3.  Presentation  of  annual  report  of  Treasurer. 

4.  Reading  of  names  of  members  not  in  arrears  who  are 

entitled  to  vote. 

5.  Election  of  President. 

6.  Election  of  four  Vice-Presidents. 

7.  Election  of  Treasurer. 

8.  Election  of  two  Secretaries. 

9.  Election  of  nine  Members  of  the  General  Committee. 

10.  Reading  of  rough  minutes  of  the  meeting. 

Section  2.  Members  in  arrears  for  dues  shall  not  be  entitled 
to  vote  at  the  Annual  Meeting. 

Section  3.  The  election  of  officers  shall  be  conducted  in  the 
following  manner:  As  each  class  of  offices  is  reached,  nomina¬ 
tions  shall  be  made  by  a  single  preliminary  informal  ballot,  the 
result  of  which  shall  be  announced  by  the  Secretary.  On  the 
informal  nominating  ballot  for  President  but  one  name  will  be 
written  by  the  voter ;  on  that  for  Vice-Presidents,  four  names ;  on 
that  for  Secretaries,  two  names ;  on  that  for  Treasurer,  one  name ; 
and  on  that  for  Members  of  the  General  Committee,  nine  names. 
If  the  informal  balloting  for  any  office  or  offices  shall  show  a  ma¬ 
jority  vote  in  favor  of  any  person  or  persons  for  the  office  or 
offices  under  consideration,  the  ballot  as  to  such  person  or  persons 
as  shall  have  received  the  highest  number  of  majority  votes  cast 
(to  the  number  of  the  offices  to  be  filled)  may,  on  motion  and  a 
viva  voce  vote,  be  made  formal,  and  such  person  or  persons  be 
declared  duly  elected.  All  offices  in  any  class  not  filled  by  the 
process  of  making  the  informal  nominating  ballot  formal  as 
hereinabove  authorized,  shall,  immediately  after  the  taking  of 
the  informal  ballot,  be  filled  by  balloting  in  the  usual  way,  each 
ballot  being  taken  for  the  number  of  persons  needed  to  fill  the 
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vacancies  remaining  in  the  class,  and  the  person  or  persons  (to 
the  number  of  the  offices  to  be  filled)  receiving  the  highest  num¬ 
ber  of  majority  votes  cast  shall  be  declared  elected. 

Article  V. 

Amendments. 

Amendments  of  the  foregoing  By-Laws  shall  only  be  made  by 
a  two-thirds  vote  of  those  members  of  the  Society,  present  at  a 
regular  meeting,  after  notice  of  the  proposed  change  shall  have 
been  mailed  to  each  member  at  least  four  weeks  previously. 


BY-LAWS  OF  THE  GENERAL  COMMITTEE. 


Adopted  by  the  General  Committee,  January  17,  1903,  and 
amended  January  9,  1904. 


Article  I. 

The  General  Committee . 

Section  1.  Meetings  of  the  General  Committee  shall  only  be 
held  on  the  call  of  the  President. 

Section  2.  The  President  shall  call  a  meeting  of  the  General 
Committee  as  soon  after  the  annual  election  as  practicable,  for 
the  purpose  of  choosing  the  members  of  the  Executive  Committee, 
the  chairman  of  the  Standing  Committees  on  Mathematical 
Science,  Physical  Science  and  General  Science,  and  for  the  con¬ 
sideration  of  such  other  business  as  may  be  brought  before  it. 

Article  II. 

The  Executive  Committee . 

Section  1.  The  Executive  Committee,  in  addition  to  such 
matters  as  may  be  specially  referred  to  it  by  the  General  Com¬ 
mittee,  shall  have  exclusive  jurisdiction  over  all  nominations 
for,  and  shall  make  all  elections  to,  membership  in  the  Society. 
A  majority  of  the  committee  shall  be  necessary  to  elect. 

Section  2.  It  shall,  under  the  direction  of  the  General  Com¬ 
mittee,  exercise  supervision  over  the  publications  of  the  Society 
and  provide  for  the  care  of  the  publications  received  from  other 
societies  or  bodies. 

Section  3.  It  shall  have  exclusive  jurisdiction  over  the  subject 
of  non-payment  of  dues,  and  by  vote  may  direct  the  name  of 
any  member  delinquent  in  this  respect  to  be  dropped  from  the 

rolls. 
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H  Article  III. 

The  Standing  Committees. 

Section  1.  There  shall  be  six  Standing  Committees  viz : 

1.  On  Communications ;  to  be  appointed  by  the  President, 

and  charged  with  the  arrangement  of  the  programmes. 

2.  On  Publications ;  to  be  appointed  by  the  President,  and, 

under  the  direction  of  the  Executive  Committee,  to 
have  charge  of  and  be  responsible  for  the  publications. 

3.  On  Grants ;  to  be  appointed  by  the  President;  to  consider 

and  make  recommendations  to  the  General  Committee 
on  all  applications  for  aid  in  conducting  research. 

4.  On  Mathematical  Science ;  the  chairman  to  be  elected  by 

the  General  Committee,  and  he  to  select  his  associates ; 
to  be  charged  with  aiding  the  Committee  on  Commu¬ 
nications  in  bringing  before  the  Society  from  time  to 
time  communications,  both  formal  and  informal,  in  the 
field  of  Mathematical  Science,  including  Astronomy, 

'  Geodesy,  Mechanics,  and  allied  subjects. 

5.  On  Physical  Science ;  the  chairman  to  be  elected  by  the 

General  Committee,  and  he  to  select  his  associates,  to 
be  charged  with  rendering  similar  aid  to  the  Committee 
on  Communications  in  the  field  of  Physical  Science, 
including  Electricity,  Magnetism,  Meteorology,  and 
allied  subjects. 

6.  On  General  Science ;  the  chairman  to  be  elected  by  the 

General  Committee,  and  he  to  select  his  associates;  to 
render  similar  aid  to  the  Committee  on  Communica¬ 
tions  in  the  field  of  General  Science. 

!' 

Article  IV. 

Members. 

Section  1.  Nomination  for  membership  shall  be  in  writing, 
addressed  to  the  Executive  Committee,  signed  by  three  mem¬ 
bers,  and  accompanied  by  a  statement  of  the  qualifications  of 
the  candidate.  Nominations  must  lie  over  two  weeks  before 
final  action,  and  must  receive  a  majority  vote  of  the  Executive 
Committee  to  elect. 
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Section  2.  Two  months  shall  be  allowed  a  newly  elected 
member  within  which  to  qualify  by  paying  to  the  Treasurer 
dues  from  and  including  the  month  of  election  to  the  1st  of  J an- 
uary  following,  for  which  a  bill  shall  be  sent  by  the  Treasurer. 

Article  Y. 

Dues. 

Section  1.  The  annual  dues  of  members  resident  in  the  Dis¬ 
trict  of  Columbia  shall  be  three  dollars,  payable  in  advance  in 
January  each  year.  Dues  for  newly  elected  members  for  a  frac¬ 
tional  part  of  a  year  shall  be  settled  for  at  the  rate  of  twenty-five 
cents  per  month.  Annual  dues  may  be  commuted  and  life 
membership  acquired  by  the  payment  at  one  time  of  fifty  dollars. 

Section  2.  A  member  absent  from  the  District  of  Columbia 
for  twelve  consecutive  months  may,  at  his  own  request,  be  trans¬ 
ferred,  by  vote  of  the  Executive  Committee,  to  the  absent  list 
and  excused  from  paying  dues,  but  in  such  case  he  shall  not  be 
entitled  to  the  Bulletin  or  to  notices  of  meetings. 

Section  3.  Members  who  are  more  than  one  year  in  arrears 
shall  be  reported  by  the  Treasurer  to  the  Executive  Committee, 
which  shall  have  power  to  order  them,  by  a  vote  of  the  committee, 
to  be  dropped  from  the  rolls. 

Section  4.  The  fiscal  year- of  the  Society  shall  end  with  the 
Annual  Meeting. 

Article  VI. 

Meetings  of  the  General  Committee  and  Executive  Committee . 

All  meetings  of  the  General  Committee  and  Executive  Com¬ 
mittee  shall  be  held  at  such  places  as  shall  be  designated  by  the 
General  Committee  in  the  notices  of  such  meetings  sent  out  by 
the  Secretaries.  The  regular  meetings  of  the  Executive  Com¬ 
mittee  shall  be  held  one-half  hour  before  the  regular  meetings  of 
the  Society. 

Article  VII. 

Publications. 

Section  1.  The  regular  publications  of  the  Society  shall  have 
the  form  of  a  series  of  completed  papers  or  memoirs,  to  which 
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the  proceedings  of  the  Society  shall  be  added.  Publications  shall 
be  made  as  directed  by  the  Executive  Committee. 

Section  2.  Each  paper  read  before  the  Society  and  offered 
for  publication  shall  be  at  once  referred  to  a  special  committee 
of  two  appointed  by  the  President,  which  shall  submit  to  the 
Executive  Committee,  at  its  next  meeting,  a  written  report  on 
the  paper,  and  the  Executive  Committee  shall  decide  respecting 
its  publication.  Papers  approved  for  publication  shall  be  printed 
forthwith,  and  one  hundred  copies  given  to  the  author. 

The  annual  address  of  the  retiring  President  and  the  annual 
reports  of  the  Treasurer  and  Secretaries  shall  be  published  in 
full,  without  reference. 

Section  3.  The  papers  published  from  time  to  time  shall  be 
paged  consecutively.  When  sufficient  material  has  accumulated 
to  form  a  volume  of  convenient  size,  the  journal  of  the  Society 
shall  be  printed  in  condensed  form  at  the  end  of  the  volume,  and 
a  title  page,  table  of  contents,  and  index  shall  be  prepared,  and 
the  whole  issued  as  a  volume  of  the  Bulletin  of  the  Philosophical 
Society. 

Article  YIII. 

Amendments  to  the  By-Laws  of  the  General  Committee. 

These  By-Laws  shall  not  be  amended  except  by  a  two-thirds 
vote  of  those  present  at  a  meeting  of  the  General  Committee, 
after  notice  of  the  proposed  change  shall  have  been  mailed  to 
each  member  of  that  Committee  at  least  four  weeks  previously. 


PAST  PRESIDENTS  OF  THE  SOCIETY. 


* JOSEPH  HENRY  . 

. 1871-’78. 

SIMON  NEWCOMB . . . 

. 1879- m 

*J.  J.  WOODWARD . 

. 1881. 

*W.  B.  TAYLOR . 

. 1882. 
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PROCEEDINGS 


OF  THE 

PHILOSOPHICAL  SOCIETY  OF  WASHINGTON. 


From  the  510th  Meeting,  January  6,  1900,  to  the  593d 
Meeting,  December  24,  1904. 


FROM  THE  MINUTES.* 

510th  Meeting.  January  6,  1900. 

President  Sternberg  in  the  chair. 

Twenty-eight  persons  present. 

Mr.  Bigelow  described  informally  A  new  apparatus  for  the 
measurement  of  the  force  of  gravity. 

Mr.  Egbert  Fletcher  read  a  biographical  sketch  of  Dr.  W.  W. 
Godding.  [Published  in  the  Bulletin  of  the  Philosophical  So¬ 
ciety,  vol.  xiii,  p.  390.] 

Mr.  L.  J.  Briggs  presented  a  paper  on  A  new  form  of  elec¬ 
trical  condenser  having  a  capacity  capable  of  continuous  adjust¬ 
ment.  [Published  in  the  Physical  Review,  vol.  xi,  p.  14  (1900).] 

Mr.  J.  H.  Gore  read  a  paper  on  The  discovery  of  universal 
gravitation.  [Not  published.] 

*  Abstracts  of  most  of  the  papers  presented  to  the  Society,  made  by 
the  authors  or  the  Secretary,  and  usually  longer  than  the  following 
abstracts,  will  be  found  in  Science,  in  accordance  with  the  vote  of  the 
General  Committee  announced  November  23,  1895.  See  Bulletin,  vol. 
xiii,  p.  443.  The  other  references  to  places  of  publication  are  from 
data  furnished  where  practicable  by  the  authors. 
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511th  Meeting.  January  20,  1900. 

President  Sternberg  in  the  chair. 

Thirty-one  persons  present. 

The  report  of  the  Auditing  Committee  was  read  by  Mr. 
Brockett.  [See  Bulletin,  vol.  xiii,  p.  496.] 

Mr.  See  presented  informally  the  Results  of  his  researches  on 
the  orbits  of  the  double  stars  r  Cygni  and  95  Ceti. 

Mr.  Henry  IIyvernat,  of  the  Catholic  University,  read  by 
invitation  a  paper  on  Recent  explorations  in  the  Lebanon  Moun¬ 
tains  with  special  reference  to  their  hydrographic  systems,  and 
exhibited  a  number  of  geological  specimens  from  that  region. 
[Published  in  The  Catholic  University  Bulletin,  January,  1901.] 

Mr.  Mitchell  Carroll,  of  the  Columbian  University,  read 
by  invitation  a  pap^r  on  Recent  excavations  in  the  Roman  Forum, 
accompanying  it  by  many  lantern  illustrations.  [Not  published.] 

Remarks  on  the  two  papers  were  made  by  the  President, 
Messrs.  Baker  and  Adler. 


512th  Meeting.  February  3,  1900. 

President  Sternberg  in  the  chair. 

Thirty-five  persons  present. 

A  general  informal  discussion  was  had  regarding  the  publica¬ 
tions  of  the  Society. 

Mr.  J.  G.  Hagen  read  a  Report  on  recent  progress  in  Astro¬ 
physics.  [Published  in  this  volume,  p.  11.] 

Mr.  J.  F.  Hayeord  read  a  Report  on  recent  progress  in 
Geodesy.  [Published  in  this  volume,  p.  1.] 


513th  Meeting.  February  17,  1900. 

Past  President  Baker  in  the  chair. 

Ten  persons  present. 

Mr.  Wead  spoke  informally  on  The  elastic  behavior  of  rubber 
bands. 
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Mr.  H.  Farquhar  spoke  informally  on  The  construction  of  a 
table  of  nth  powers  by  means  of  their  successive  differences. 

Mr.  T.  J.  J.  See  presented  a  Report  on  the  progress  of  theo¬ 
retical  astronomy  in  1899,  read  by  Mr.  Hayeord.  [Published 
in  this  volume,  p.  17.] 

The  Standing  Committees  for  1900  were  announced  as  follows : 

Committee  on  Physical  Science. 

G.  W.  Littlehales,  Chairman . 


Cleveland  Abbe. 
L.  A.  Bauer. 

F.  H.  Bigelow. 

L.  J.  Briggs. 


R.  A.  Fessenden. 
R.  A.  Harris. 

C.  F.  Marvin. 

L.  P.  Shidy. 

C.  K.  Wead. 


Committee  on  Mathematical  Science. 

J.  F.  Hayeord,  Chairman. 

J.  G.  Hagen.  F.  G.  Radelfinger. 

T.  J.  J.  See. 


Cyrus  Adler. 

F.  W.  Clarke. 
Whitman  Cross. 


Committee  on  General  Science. 

W.  H.  Dale,  Chairman. 

H.  Friedenwald. 
G.  K.  Gilbert. 

B.  R.  Green. 

J.  E.  Watkins. 


514th  Meeting.  March  3,  1900. 

Vice-President  Rathbun  in  the  chair. 

Twenty-nine  persons  present. 

Announcement  was  made  of  a  course  of  expositions  on  Photog¬ 
raphy  as  an  aid  to  research,  to  be  given  during  the  ensuing  weeks 
under  the  auspices  of  the  Washington  Academy  of  Sciences. 

Mr.  C.  Abbe  read  a  Biographical  sketch  of  Mr.  H.  A.  Hazen. 
[Published  in  the  Bulletin,  vol.  xiii,  p.  401 ;  Monthly  Weather 
Review,  vol.  xxviii,  p.  14.] 

49— Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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Mr.  L.  A.  BauEr  read  a  paper  on  The  general  plan  of  the 
magnetic  survey  of  the  United  States.  [Published  in  U.  S.  Coast 
and  Geodetic  Survey  Report  for  1899,  Appendix  10.] 

Remarks  were  made  on  this  by  Mr.  Abbe. 

Mr.  A.  Macfarlane  presented  by  invitation  a  paper  on  The 
square  root  of  minus  one. 


515th  Meeting.  March  17,  1900. 

President  Sternberg  in  the  chair. 

Thirty  persons  present. 

Mr.  Gore  spoke  informally  on  the  Residual  of  the  Paris  Expo¬ 
sition,  and 

Mr.  Littlehales  gave  the  Results  of  a  survey  across  the 
Pacific  for  a  submarine  cable  from  California  to  the  Philippine 
Islands.  [Not  Published.] 

Mr.  C.  Abbe  read  a  paper  on  Some  recent  contributions  to 
Meteorology,  [Not  published.] 

Mr.  L.  P.  Shidy  made  a  Report  on  the  state  of  progress  in  our 
knowledge  of  the  tides.  [Published  in  this  volume,  p.  117.] 

Mr.  L.  A.  Bauer  spoke  on  Some  recent  contributions  to 
terrestrial  magnetism,  and  exhibited  many  lantern  slides  of 
prominent  meteorologists,  magneticians,  and  observatories. 
[Published  in  the  Journal  of  Terrestrial  Magnetism,  etc.,  vol.  v, 
p.  85  (1900)  ;  Science,  vol.  xi,  p.  651  (1900).] 

516th  Meeting.  4  March  31,  1900. 

Past  President  Baker  in  the  chair. 

Eleven  persons  present. 

Mr.  Radelfinger  spoke  informally  of  The  method  of  selecting 
professors  in  the  higher  institutions  of  learning  in  France,  and 

Mr.  Hayford  made  some  remarks  on  The  determination  of  the 
difference  of  elevation  of  two  given  points  on  the  earth's  surface. 

Mr.  M.  Baker  read  a  biographical  sketch  of  Samuel  Shella- 
barger.  [Published  in  the  Bulletin,  vol.  xiii,  p.  416.] 
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Mr.  H.  S.  Davis  spoke  by  invitation  on  The  state  of  progress 
on  the  new  reduction  of  Piazzf’s  star  observations.  [Published  in 
Science,  vol.  xi,  p.  578  (1900).] 

Remarks  on  the  communication  were  made  by  Messrs.  Hay- 
ford,  We  ad,  Radelfinger,  Raker,  and  Shidy. 

Mr.  A.  Macfarlane  presented  by  invitation  a  paper  on  Vector- 
differentiation,  read  in  abstract  by  Mr.  Radelfinger.  [Pub¬ 
lished  in  this  volume,  p.  73.] 

Remarks  were  made  by  Messrs.  Baker  and  Bauer. 

Mr.  C.  K.  We  ad  read  a  paper  on  Certain  discontinuous  and 
indeterminate  functions.  [Published  in  this  volume,  p.  65.] 


517th  Meeting.  April  14,  1900. 

President  Sternberg  in  the  chair. 

Twenty-one  persons  present. 

Mr.  G.  L.  Raymond,  of  Princeton  University,  read  by  invita¬ 
tion  a  paper  on  Some  aesthetic  principles  of  music.  [Hot  pub¬ 
lished.] 

Mr.  R,  H.  Strother  presented  a  communication  on  The 
physics  of  the  phonograph.  [Hot  published.] 

Mr.  C.  K.  We  ad  read  a  report  on  Modern  problems  in  Acous¬ 
tics.  [Published  in  this  volume,  p.  129 ;  Science,  vol  xi,  p.  732 
(1900).] 

518th  Meeting.  April  28,  1900. 

Past  President  Bigelow  in  the  chair. 

Twenty-seven  persons  present. 

Mr.  We  ad  exhibited  some  photographs  of  Compound  pendulum 
curves  made  with  rare  skill  by  Mr.  W.  Iv.  Carr,  a  member  of  this 
Society. 

Mr.  L.  J.  Briggs  read  a  paper  on  Adsorption  of  salts  by 
organic  and  inorganic  substances.  [Hot  published.] 
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Mr.  E.  D.  Preston  presented  a  paper,  with  lantern  illustra¬ 
tions,  on  Hawaii, — an  unscientific  account  of  a  scientific  expedi¬ 
tion.  [Published  in  Science,  vol.  xi,  pp.  841,  894.] 

Mr.  R.  A.  Harris  presented  A  new  way  of  indicating  the 
acceleration  of  a  point  referred  to  polar  coordinates.  [Hot  pub¬ 
lished.] 

519th  Meeting.  May  12,  1900. 

President  Sternberg  in  the  chair. 

Thirty-three  persons  present. 

Mr.  J.  E.  Watkins  read  A  chapter  in  the  early  history  of 
marine  propulsion,  illustrating  it  by  lantern  slides.  [Not  pub¬ 
lished.] 

Mr.  G.  W.  Littlepiales  presented  a  paper  on  Marine  screw 
propulsion,  outlining  the  general  features  of  the  theoretical  side 
of  the  subject.  [Not  published.] 

Mr.  R.  A.  Harris  described  Some  experiments  in  wave  motion, 
stating  the  underlying  theoretical  considerations,  and  giving  the 
results  of  observations  on  stationary  waves  in  enclosed  areas  of 
various  shapes.  [Not  published.] 

The  thanks  of  the  Society  were  extended  to  Mr.  Taylor,  Naval 
Constructor,  for  his  invitation  to  the  members  of  the  Society  to 
witness  an  interesting  exhibit  of  the  work  of  the  experimental 
model-basin  at  the  Navy  Yard  this  afternoon. 

520th  Meeting.  May  26,  1900. 

President  Sternberg  in  the  chair. 

Seventeen  persons  present. 

Mr.  F.  W.  True  read  a  biographical  notice  of  Mr.  D.  W. 
Prentiss.  [Not  published.] 

Mr.  H.  C.  Bolton  presented  by  invitation  a  paper  on  An  ex¬ 
perimental  study  of  radio-active  substances.  Photographs  taken 
by  the  aid  of  such  bodies  were  exhibited  and  the  room  being 
darkened,  specimens  of  the  substances,  were  passed  around. 
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Mr.  L.  J.  Briggs  presented  a  Report  on  progress  in  elec¬ 
tricity.  [Not  published.] 


521st  Meeting.  October  13,  1900. 

President  Sternberg  in  the  chair. 

Thirteen  persons  present. 

Mr.  Tittmann  spoke  informally  on  The  provisional  boundary 
between  Alaska  and  the  British  possessions  at  the  head  of  Lynn 
Canal,  describing  the  line,  relating  some  of  the  local  tales  in 
regard  to  it  and  incidents  connected  with  the  work  of  marking  it. 

Mr.  T.  J.  J.  See  read  a  paper  on  The  system  of  Uranus.  It 
comprised  a  statement  of  some  recent  results  of  observation,  a 
comparison  of  these  with  former  results  and  a  critical  statement 
of  the  large  uncertainties  involved  in  our  present  knowledge  of 
the  subject.  [Not  published.] 

The  paper  was  discussed  by  Messrs.  Baker  and  Manly. 

Mr.  A.  Martin  presented  A  method  of  computing  the 
logarithm  of  a  number  without  making  use  of  any  logarithm 
but  that  of  10  or  some  power  of  10.  [Published  in  Compte 
Rendu  du  deuxieme  Congres  international  des  Mathematiciens, 
Paris,  1900,  pp.  231.] 


522d  Meeting.  October  27,  1900. 

President  Sternberg  in  the  chair. 

Twenty-nine  persons  present. 

Mr.  Gore  spoke  informally  concerning  the  Progress  of  the 
operations  for  the  measurement  of  a  terrestrial  arc  in  Spitz- 
bergen.  He  stated  that  the  two  parties  of  Russian  and  Swedish 
observers  engaged  in  the  work  had  made  considerable  progress 
during  the  summer  of  1899,  but  during  the  summer  of  1900  ex¬ 
traordinary  physical  difficulties  were  encountered,  and  the  prob¬ 
ability  is  that  the  work  will  take  five  or  six  summers. 

Mr.  F.  H.  Bigelow  read  a  paper  entitled  Some  results  of  the 
eclipse  observations  of  May  28,  1900,  which  comprised  a  discus- 
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sion  of  the  physical  characteristics  of  “shadow  bands,”  and  an 
explanation  of  how  the  earth’s  atmosphere  acts  to  produce  them, 
and,  secondly,  a  discussion  of  the  meteorological  observations 
treating  of  the  fall  of  temperature,  the  fall  of  relative  humidity, 
and  the  decrease  of  the  amount  of  heat  in  the  atmosphere  during 
the  eclipse  of  the  sun.  The  subject  of  the  paper  was  discussed 
with  the  author  by  Messrs.  Putnam,  Baker,  and  Strother. 
[Published  in  Weather  Bureau  Bulletin  I,  (W.  B.  No.  267) 
1902.] 

Mr.  G.  W.  Littlehales  presented  a  paper  entitled  The  dis¬ 
placement  of  moored  objects  by  ocean  currents ;  this  was  a  mathe¬ 
matical  discussion  of  the  amount  of  error  that  must  be  allowed 
for  in  the  length  of  a  precise  sea-course  marked  out  by  buoys  in 
the  open  ocean  for  use  in  the  trials  of  the  speed  of  ships.  [Not 
published.] 

Mr.  G.  E.  Putnam  read  a  paper  entitled  A  recent  connection 
between  the  gravity-stations  of  Europe  and  America,  which  was 
a  statement  of  the  results  of  the  recent  refined  measurements  of 
the  value  of  the  force  of  gravity  that  have  been  made,  by  the 
author  and  other  eminent  physicists,  at  our  own  and  several 
European  capitals.  [Published  in  fuller  form  in  TJ.  S.  Coast  and 
Geodetic  Survey  Report  for  1901,  Appendix  5.] 

Professor  Gore  told  of  the  high  regard  in  which  Mr.  Putnam’s 
work  is  held  by  Professor  Helmert. . 


523d  Meeting.  November  10,  1900. 

President  Sternberg  in  the  chair. 

Sixty-one  persons  present. 

The  programme  of  the  evening  was  devoted  entirely  to  reports 
on  the  Paris  Exposition  of  1900,  mostly  by  invited  speakers. 

Mr.  J.  H.  Gore  discussed  the  circumstances  that  led  to  the 
Paris  Exposition  and  described  the  formation  and  duties  of  the 
jury  of  awards.  He  also  described  the  general  plan  and  loca¬ 
tion  of  the  buildings  and  exhibited  a  number  of  slides  illus¬ 
trating  exterior  and  interior  views  of  many  of  the  buildings. 
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Mr.  F.  W.  Clarke  described  the  exhibit  of  the  Department  of 
Mines  and  Mining  and  the  favorable  impression  made  by  the 
American  exhibit. 

Mr.  H.  W.  Wiley  gave  an  interesting  account  of  the  labors 
of  the  jury  of  alimentation  and  of  the  success  of  the  American 
exhibitors  of  wines,  brandies,  and  whiskies. 

Mr.  J.  F.  Bancroft,  of  the  U.  S.  Patent  Office,  discussed  the 
exhibit  of  machinery,  especially  of  shoe  manufacturing  machines 
and  sewing  machines. 

Mr.  W.  F.  Willoughby,  of  the  Department  of  Labor,  de¬ 
scribed  the  exhibit  in  the  Department  of  Social  Economy,  espe- 
pecially  of  the  appliances  used  for  ameliorating  the  condition  of 
the  laboring  classes. 

Mr.  M.  A.  Carleton,  of  the  Department  of  Agriculture,  gave 
an  account  of  the  very  large  exhibit  of  edible  agricultural  prod¬ 
ucts  from  the  United  States.  He  also  discussed  the  relative 
value  of  the  exhibits  made  by  Canada,  Russia,  Algeria  and  Japan. 


524th  Meeting.  November  24,  1900. 

Vice-President  Walcott  in  the  chair. 

Twenty  persons  present. 

The  election  and  qualification  of  Messrs.  John  W.  Froley 

and  Arthur  L.  Day  were  announced. 

• 

Mr.  B.  Pickman  Mann  read  a  paper  on  An  attempted  solu¬ 
tion  of  a  social  problem.  It  described  a  kind  of  tontine  invest¬ 
ment  scheme  intended  to  make  provision  for  old  age,  which  has 
been  in  operation  for  several  years  on  a  limited  scale.  Remarks 
followed  by  the  Chairman  and  Mr.  Bigelow.  [Not  published  in 
the  form  in  which  it  was  presented.] 

Mr.  F.  G.  Radelfinger  read  a  paper  on  Diverging  series. 
The  paper  was  discussed  by  Mr.  Harris  and  the  author. 
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525th  Meeting.  December  8,  1900. 

By  the  courtesy  of  the  authorities  of  Columbian  University, 
the  meeting  was  held  in  the  lecture-room  of  that  institution. 

Mr.  George  M.  Sternberg,  President  of  the  Society,  deliv¬ 
ered  the  annual  address;  subject,  Malaria. 

526th  Meeting.  December  22,  1900. 

THIRTIETH  ANNUAL  MEETING. 

President  Sternberg  in  the  chair. 

Fifteen  members  present. 

The  minutes  of  the  Twenty-ninth  Annual  Meeting  were  read 
and  approved. 

The  Annual  Report  of  the  Secretaries  was  read  and  ordered 
placed  on  file. 

THE  ANNUAL  REPORT  OF  THE  SECRETARIES  FOR  1900. 

Washington,  D.  C.,  December  22,  1900. 
To  the  Philosophical  Society  of  Washington: 

The  Secretaries  have  the  honor  to  submit  the  following  annual 
report : 

The  number  of  active  members  at  date  of  last  report  was  114. 
Of  this  number  2  have  died,  5  have  resigned,  and  2  were  trans¬ 
ferred  to  the  absent  list,  making  a  total  loss  of  9.  The  gain  has 
been :  By  election  of  new  members,  6 ;  by  transfer  from  the  ab¬ 
sent  list,  T;  making  a  net  loss  of  2.  The  present  active  member¬ 
ship  is  112. 

The  number  on  the  absent  list  is  73. 

The  list  of  deceased  members  is: 

Henry  Allen  Hazen.  John  Grubb  Parke. 

The  new  members  are: 

James  B.  Baylor.  George  Rochford  Stetson. 

Herman  S.  Davis.  John  W.  Froley. 

Reginald  A.  Fessenden.  Arthur  L.  Day. 
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The  following  members  were  transferred  from  the  active  to 
the  absent  list: 

Charles  Colt  Yates.  Herbert  Friedenwald. 

The  following  members  resigned  membership: 

Henry  Gannett.  Lester  Frank  Ward. 

William  Henry  Holmes.  Bailey  Willis. 

Frederick  Haynes  Newell. 

The  following  was  transferred  from  absent  to  active  list : 
Louis  Agricola  Bauer. 

The  General  Committee  held  16  meetings,  at  which  the  aver¬ 
age  attendance  was  10. 

The  Society  held  18  meetings,  of  which  14  were  devoted  to 
reading  and  discussion  of  papers,  one  to  the  President’s  annual 
address  (Mr.  G.  M.  Sternberg,  on  Malaria),  one  to  the  annual 
meeting  for  reports  and  election  of  officers,  and  one  a  special 
meeting  held  at  the  H.  S.  Navy  Yard.  By  the  courtesy  of  the 
Secretary  of  the  Navy  and  the  Chief  of  the  Bureau  of  Construc¬ 
tion,  IJ.  S.  N.,  an  invitation  was  extended  to  the  Society  to  visit 
the  Experimental  Model  Basin,  where  experiments  vrere  con¬ 
ducted  by  Mr.  D.  W.  Taylor,  who  also  read  a  paper  upon  “The 
Work  of  the  Experimental  Model  Basin.” 

Obituary  notices  of  four  deceased  members  were  read  as  fol¬ 
lows  : 

W.  W.  Godding.  D.  W.  Prentiss. 

H.  A.  Hazen.  Samuel  Silellabarger. 

Seven  papers  were  published  during  the  year,  viz :  ( 1 )  Keport 
of  the  Committee  on  Mathematical  Science  for  1899- — Geodesy, 
J.  F.  Hayford ;  Astrophysics,  J.  G.  Hagen;  Astronomy,  T.  J. 
J.  See;  (2)  Linear  Differential  Equations,  F.  G.  Radelfinger ; 
(3)  The  Language  of  Hawaii,  E.  D.  Preston;  (4)  Some  Dis¬ 
continuous  and  Indeterminate  Functions,  C.  K.  Wead;  (5)  Vec¬ 
tor-Differentiation,  Alexander  Macfarlane;  (6)  Obituary 


Notices : 

Thomas  Antisell.  ............ .1817-1893. 

Stephen  Vincent  Benet.  . 1827-1895. 

Thomas  Lincoln  Casey  . ...... .1831-1896. 

Daniel  Currier  Chapman _ _  .1826-1895. 
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George  Edward  Curtis . 1861-1895. 

Kobert  Edward  Earll . 1853-1896. 

William  Whitney  Godding . 1831-1899. 

George  Brown  Goode . 1851-1896. 

Edward  Goodpellow . 1828-1899. 

Henry  Allen  Hazen . 1849-1900. 

Charles  Hugo  Kummell . 1836-1897. 

William  Lee . . . 1841-1893. 

Walter  Lamb  Nicholson.  ..... .1825-1895. 

Orlando  Metcalfe  Poe . 1832-1895. 

Charles  Valentine  Riley . 1843-1895. 

Samuel  Shellabarger . 1817-1896. 

William  Bower  Taylor . 1821-1895. 

Joseph  Meredith  Toner . 1825-1896. 


William  Crawford  Winlock...  .1859-1896. 

(7)  Proceedings  of  the  Philosophical  Society  of  Washington, 
1895-1899,  together  with  the  Constitution,  Rules,  Lists  of  Offi¬ 
cers  and  Members,  and  Index  to  volume  xiii. 

J.  Elfreth  Watkins, 

E.  E).  Preston, 

Secretaries. 

The  Annual  Report  of  the  Treasurer  was  read  and  referred  to 
an  auditing  committee  consisting  of  Mr.  Martin  and  Mr. 
Bauer. 

ANNUAL  REPOET  OF  THE  TREASURER  FOR  1900. 

Washington,  I).  C.,  December  22,  1900. 
To  the  Philosophical  Society  of  Washington: 

I  have  the  honor  to  submit  my  annual  report  as  Treasurer 
for  the  year  from  December  23,  1899,  to  this  date. 

The  income  for  the  year  has  consisted  chiefly  of  the  dues  of 
members,  interest  on  the  investments  of  the  Society  in  bonds  of 
the  United  States,  Cosmos  Club,  and  Columbia  Railway  of  this 


city,  as  follows : 

Dues  of  members,  1898. . . .  $20  00 

Dues  of  members,  1899 .  70  00 

Dues  of  members,  1900 .  405  00 


$495  00 
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Interest  on  $1500  United  States  4  per  cent,  bonds .  $45  00 

Interest  on  $3500  Cosmos  Club  bonds . 150  00 

Interest  on  $1000  Columbia  Railway  bond .  60  00 

Rental  of  stereopticon . . . 33  00 

Total  receipts . $783  00 

Disbursements  have  been  made  as  follows: 

Publishing  the  Bulletin .  492  78 

Repairs,  to  and  operating  stereopticon .  61  96 

Rent  of  safe-deposit  box .  5  00 

Postage,  stationery,  miscellaneous  printing,  clerical  services, 

notices,  etc . 234  95 

Rent  of  hall,  Cosmos  Club . 51  00 

Total  expenditures . $845  69 

STATEMENT  OF  ACCOUNT. 

Balance  on  hand  at  date  of  last  annual  report .  $986  50 

Receipts  as  above,  present  year .  783  00 


$1,769  50 

Expenditures  as  above,  present  year . . .  845  69 

Cash  balance  on  hand . . .  $923  81 

The  investments  of  the  Society  are  at  present  as  follows: 

4  per  cent.  United  States  bonds .  $1,500  00 

Cosmos  Club  bonds . . .  3,500  00 

Columbia  Railway  bond .  1,000  00 


Total  . . .  $6,000  00 

During  the  year  Cosmos  Club  $100.00  bonds  of  1886,  Nos. 
122  to  129,  130,  155,  156,  and  161  to  164,  all  inclusive,  amount¬ 
ing  to  $1500.00,  called  in,  were  exchanged  for  Cosmos  Club 
$500.00  bonds  of  1893,  Nos.  101,  104,  and  105. 

Very  respectfully,  Bernard  R.  Green, 

Treasurer. 

The  election  of  officers  for  the  ensuing  year  was  then  held  with 
the  following:  result: 
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President . 

Vice-Presidents . 

Treasurer . 

Secretaries . . . . . 


. .  C.  D.  Walcott. 
f  R.  Rathbun. 

1  J.  H.  Gore. 

. .  B.  R.  Green. 

. .  J.  F.  Hayford. 


C.  Adler. 

E.  D.  Preston. 

C.  K.  Wead. 


General  Committee. 


L.  A.  Bauer. 

W.  A.  DeCaindry. 

J.  G.  Hagen. 

G.  W.  Littlehales. 

I.  Winston. 


C.  F.  Marvin. 
H.  M.  Paul. 

F.  W.  True. 

J.  E.  Watkins. 


527th  Meeting.  January  5,  1901. 

President  Walcott  in  the  chair. 

Thirty  persons  present. 

Mr.  Eimbeck  presented  informally  the  question  of  an  appar¬ 
ent  error  arising  in  transit  observations  from  the  fact  that  at  a 
locality  where  there  is  local  attraction  of  the  plnmb  line  the 
geodetic  and  astronomical  meridians  differ  sometimes  as  much  as 
30". 

Mr.  I.  Winston  read  a  paper  on  The  thirteenth  general  confer¬ 
ence  of  the  International  Geodetic  Association,  held  at  Paris  last 
fall,  at  which  17  countries  were  represented.  The  principal 
papers  there  presented  dealt  with  recent  work  at  gravity-stations, 
the  question  of  variation  of  latitude,  the  proposed  revision  of 
older  triangulations  in  France  and  Peru,  the  nickel-steel  alloy 
with  small  coefficient  of  expansion,  and  the  recent  and  prospect¬ 
ive  measurements  of  terrestrial  arcs.  [Published  in  Science, 
vol.  xiii,  p.  129  (1901).] 

In  the  following  discussion  Mr.  C.  A.  Schott  gave  an  histor¬ 
ical  account  of  such  arc  measurements  and  their  results,  pointing 
out  that  the  Clarke  spheroid  agreed  better  with  the  IJ.  S.  obser¬ 
vations  thus  far  reduced  than  the  Besselian;  and  Mr.  Hayford 
described  more  fully  Cornu’s  simple  and  ingenious  apparatus  for 
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determining  the  zenith  distance  of  stars  that  culminate  near  the 
zenith,  to  which  reference  had  been  made. 

Mr.  J.  F.  Hayford  read  a  paper  on  The  new  precise  leveling  in¬ 
strument  of  the  Coast  and  Geodetic  Survey,  with  exhibition  of  it. 
The  instrument  is  very  low  and  stable,  the  new  iron-nickel  alloy 
is  used,  the  level-tube  is  sunk  well  into  the  telescope  tube,  the 
parts  are  not  reversible  as  formerly,  and  an  auxiliary  device  with 
mirror  is  provided  by  which  the  left  eye  reads  the  position  of  the 
bubble  almost  simultaneously  with  the  reading  of  the  rod  by  the 
right  eye.  The  accuracy  and  rapidity  of  work  with  the  instru¬ 
ment  are  very  satisfactory.  [Published  in  U.  S.  Coast  and 
Geodetic  Survey  Report  for  1903,  Appendix  3;  Engineering 
ISTews,  July  2,  1903.] 

Messrs.  Gore,  Paul,  and  Radelfinger  took  part  in  the  dis¬ 
cussions  following  the  papers. 

The  report  of  the  Auditing  Committee  was  read  and  ordered  to 
be  filed. 


528th  Meeting.  January  19,  1901. 

President  Walcott  in  the  chair. 

Thirty-four  persons  present. 

Mr.  L.  A.  Fischer  read  A  brief  history  of  the  Office  of  Stand¬ 
ard  Weights  and  Measures.  He  said  the  office  had  grown  up 
under  the  necessity  of  providing  uniform  standards  for  the 
custom-houses.  In  1836  copies  of  these  standards  were  ordered 
furnished  to  the  several  states.  In  1866  the  office  was  directed 
to  supply  copies  of  metric  standards,  and  still  later  it  has  been 
charged  with  verifying  polariscopes  and  instruments  for  elec¬ 
trical  measurements.  [Hot  published.] 

Mr.  A.  L.  Day  gave  an  account  of  The  history,  organization, 
and  work  of  The  Physikalische-Technische  Anstalt  of  Berlin. 
The  scientific  staff  numbers  35  and  the  technical  staff  over  50; 
the  annual  expenses  are  nearly  $100,000.  [Not  published.] 

Mr.  S.  W.  Stratton,  by  invitation,  spoke  on  The  proposed 
standardizing  bureau,  giving  a  resume  of  the  plans  and  of  the 
means  taken  to  bring  the  subject  before  Congress,  and  reading 
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some  of  the  arguments  made  before  committees  of  the  Senate  and 
House.  [Not  published.] 

In  the  discussion  following  the  papers  Messrs.  Tittmann, 
Clarke,  Eimbeck,  Wead,  Walcott,  and  the  speakers  partici¬ 
pated. 


529th  Meeting.  February  2,  1901. 

President  Walcott  in  the  chair. 

Fifty-five  persons  present. 

The  evening  was  devoted  to  Reports  on  the  Solar  Eclipse  of 
May  28,  1900. 

Mr.  S.  P.  Langley  reported  on  The  Smithsonian  observations 
in  North  Carolina,  exhibiting  many  lantern  slides  of  the  appa¬ 
ratus  used  and  superb  photographs  of  the  corona  and  sky.  Three 
results  were  of  special  interest :  direct  negatives  of  the  moon  were 
taken  up  to  15  inches  in  diameter;  the  bolometric  work  per¬ 
formed  by  Mr.  Abbot  showed  the  heat  from  the  corona  to  be  but 
5/85  of  that  received,  from  the  full  moon;  and  the  sky-photo- 
graphs  were  on  such  a  scale  as  to  show  an  intra-mercurial  planet, 
if  one  existed,  1/100  the  diameter  of  Mercury,  while  a  body  of 
five  times  this  diameter  could  not  be  detected  with  certainty  dur¬ 
ing  a  transit  over  the  sun’s  disc.  Mr.  Abbot  with  a  small  party 
is  to  leave  at  once  for  Sumatra,  charged  among  other  things  with 
obtaining  similar  sk}^-photographs.  [Published  as  a  preliminary 
report  in  Science,  vol.  xi,  p.  974  (1900),  and  Smithsonian  Report 
for  1900,  p.  149.  Final  report  by  Astrophysical  Observatory 
(Sm.  Pub.  No.  1439),  1904,  26  pp.  with  pi.] 

Mr.  S.  J.  Brown,  of  the  Naval  Observatory,  showed  slides 
from  some  of  the  photographs  taken  by  his  party  in  North  Caro¬ 
lina,  those  of  the  flash-spectrum  being  especially  interesting,  and 
other  slides  from  Mr.  Burkhard’s  photographs  in  which  the 
outer  portions  of  the  corona  had  a  progressively  longer  exposure 
than  the  inner  parts.  [See  the  references  above.] 

Mr.  L.  A.  Bauer  reported  on  The  Coast  and  Geodetic  Survey 
magnetic  observations  during  the  late  eclipse.  Records  from 
several  stations  within  and  without  the  belt  of  totality  showed 
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that  at  all  of  them  the  regular  morning  change  of  declination 
was  interrupted  within  a  few  minutes  of  the  time  of  totality,  and 
reversed  in  direction  for  half  an  hour  to  an  hour,  the  average 
magnitude  of  the  reversal  being  about  30",  while  the  probable 
error  of  a  reading  is  not  over  3".  At  the  single  station  where 
the  intensity  was  observed  a  similar  temporary  reversal  of  the 
regular  morning  curve  was  noted,  amounting  to  three  times  the 
probable  error  of  the  observation,  the  intensity  being  dimin¬ 
ished.  ISTo  satisfactory  explanation  of  these  reversals  has  yet 
been  given.  [Published  in  Journal  of  Terrestrial  Magnetism, 
etc.,  voh  v,  p.  143  (1900).] 


530th  Meeting.  February  16,  1901. 

Vice-President  Rathbun  in  the  chair. 

Thirty  persons  present. 

Announcement  was  made  of  the  death  of  Mr.  S.  C.  Busey, 
for  many  years  a  member  of  the  Society. 

Mr.  Strother  stated  informally  that  there  are  now  three 

processes  for  the  manufacture  of  phonographic  records  which* 
promise  absolute  permanence,  so  the  early  idea  of  making  records 
of  speech  for  posterity  now  seems  to  be  feasible. 

Mr.  R.  A.  Harris  read  a  Report  from  the  Committee  on 
Mathematical  Physics,  entitled  A  few  questions  in  hydrody¬ 
namics.  This  reviewed  briefly  the  kinds  of  problems  in  liquid 
wave-motion  which  have  been  considered  in  articles  and  treatises 
on  hydrodynamics.  But  its  chief  object  was  to  point  out  the 
lack  of  attention  given  to  oscillations  in  bodies  of  water  having 
incomplete  boundaries,  and  in  straits.  These  and  other  ques¬ 
tions  must  be  investigated  before  satisfactory  progress  can  be 
made  in  the  theory  of  tides.  [Published  in  this  volume,  p.  93.] 

This  was  discussed  by  Messrs.  Hayford,  Radelfinger,  and 
Wead. 

Mr.  J.  F.  Hayford  reported  on  the  Recent  progress  in  geodesy, 
especially  in  the  United  States.  The  measurement  of  the  98th 
meridian  has  been  continued ;  new  and  more  rapid  base-line  work 
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has  been  done,  one  party  measuring  about  63  kilometers  in  6 
months  to  one  part  in  1,000,000;  the  principal  United  States 
and  European  stations  had  been  connected  by  pendulum  observa¬ 
tions  ;  various  disconnected  lines  of  precise  levels  had  been  con¬ 
nected,  and  a  new  dictionary  of  elevations  of  4,000  places  had 
been  published.  The  calculations  based  on  the  United  States 
measures  indicate  that  the  surface  of  the  United  States  will 
agree  with  the  Clarke  spheroid  of  1866  within  170  meters.  [Pub¬ 
lished  in  this  volume,  p.  139.] 

A  long  and  spirited  discussion  followed,  participated  in  by 
Messrs.  Gore,  Marvin,  Harris,  and  Baker.  Questions  were 
raised  concerning  the  accuracy  of  the  new  base-line  apparatus, 
and  of  the  precise-leveling  work,  especially  with  reference  to  the 
relative  elevation  of  the  Gulf  of  Mexico  and  the  Atlantic  Ocean. 

531st  Meeting.  March  2,  1901. 

Vice-President  Rathbun  in  the  chair. 

Twenty-six  persons  present. 

The  election  and  qualification  of  Messrs.  R.  L.  Paris,  Wil¬ 
liam  Weinrich,  Jr.,  and  Walter  G.  Cady,  all  of  the  Coast  and 
Geodetic  Survey,  were  announced. 

Mr.  Farqithar  stated  informally  that  eye  observations  on  the 
Nova  in  Perseus  showed  marked  variations  in  brilliancy;  and 
Mr.  Bauer  stated  that  the  Toronto  magnetic  observations  at  the 
time  of  the  solar  eclipse  showed  a  slight  disturbance  coincident 
with  the  passage  of  the  sun’s  shadow.  Analysis  shows  that  the 
effect  is  due  to  causes  outside  the  earth’s  crust,  and  probably  due 
to  changes  in  the  upper  atmosphere  caused  by  the  passage  of  the 
shadow. 

Mr.  J.  G.  Hagen  presented  a  Report  on  progress  in  astronom¬ 
ical  photometry.  It  considered  (1)  catalogues,  noticing  espe¬ 
cially  the  Harvard  photometry  and  Osthoff’s  catalogue  of  star 
colors;  (2)  original  observations  of  variable  stars,  particularly 
those  by  Peek,  Knott,  and  Pickering ;  ( 3 )  the  physical  explana¬ 
tion  of  variability;  and  (4)  the  new  charts  of  variable  stars, 
notably  Pogson’s.  The  latter  part  of  the  report  was  illustrated 
by  lantern  slides.  [Published  in  this  volume,  p.  151.] 
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Mr.  F.  G.  Radelfinger  reported  on  Progress  in  pnre  mathe¬ 
matics  in  1900.  In  publications,  the  new  Mathematical  Ency¬ 
clopedia  and  Forsyth’s  Differential  Equations  are  specially  note¬ 
worthy.  A  brief  historical  sketch  of  the  treatment  of  differential 
equations  from  the  time  of  Briot  and  Bouquet  introduced  an 
outline  of  Painleve’s  recent  and  successful  attack  on  the  equa¬ 
tions  of  the  second  order.  [Published  in  this  volume,  p.  157.] 

Mr.  T.  J.  J.  See  reported  on  Progress  in  astronomy  in  1900. 
The  principal  matters  were  the  publication  of  the  results  of  the 
observations  on  the  transit  of  Venus;  the  observations  on  Eros; 
the  discovery  of  several  hundred  new  double  stars,  and  the  pub¬ 
lication  of  double  star  catalogues  ;  and  the  observations  at  the 
Naval  Observatory  on  the  diameters  of  the  planets  with  a  color 
screen.  [Published  in  this  volume,  p.  145.] 

Mr.  Hussey,  of  the  Lick  Observatory,  made  some  brief  re¬ 
marks. 


5S2d  Meeting.  March  16,  1901. 

President  Walcott  in  the  chair. 

Thirty  persons  present. 

Mr.  M.  Updegraff  read  a  paper  on  the  Errors  due  to  imper¬ 
fections  in  the  pivots  of  a  theodolite.  By  a  mathematical  analy¬ 
sis  he  finds  that  with  the  modern  bearings  consisting  of  two  con¬ 
vex  cylindrical  surfaces  on  which  the  pivot  rests,  any  ellipticity 
of  the  pivot  gives  rise  only  to  errors  in  azimuth  when  the  pivot 
is  rotated.  [Published  in  Astronomische  Nachrichten,  No.  3712, 
May,  1901.] 

A  general  discussion  followed,  participated  in  by  Messrs. 
Green,  Hayford,  Bigelow,  Paul,  Wead,  E.  G.  Fischer,  Eim- 
beck,  and  Littlehales.  Mr.  Fischer  pointed  out  that  the 
eccentricity  which  could  be  discussed  mathematically  was  far 
less  in  magnitude  on  the  best  modern  pivots  than  the  errors  aris¬ 
ing  from  inequalities  in  the  steel,  and  from  the  unequal  wear 
which  is  found  even  after  a  short  use. 

Mr.  W.  J.  Hussey,  of  the  Lick  Observatory,  gave,  by  invita¬ 
tion,  An  informal  account  of  recent  work  at  that  Observatory. 

50— Bull.  Phil.  Soe.,  Wash.,  Vol.  14. 
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He  spoke  of  the  many  newly  discovered  double  stars,  and  of  the 
spectroscopic  measures  of  motions  of  325  stars  in  the  line  of 
sight,  and  of  the  motions  of  the  edges  of  Saturn’s  rings.  The 
velocity  and  direction  of  the  motion  of  the  solar  system  can  be 
deduced  from  these  measures,  and  the  average  velocity  of  the 
stars  in  the  line  of  sight ;  this  last  is  found  to  vary  with  the  mag¬ 
nitude,  increasing  from  26  Km.  sec.  for  stars  of  magnitude  y2  to 
39  Km.  sec.  for  stars  of  magnitude  4  and  smaller.  Many  fine 
photographs  of » stellar  spectra  and  nebulae  were  shown.  The 
estimate  was  given  that  there  are  120,000  nebulae  in  the  heavens 
bright  enough  to  be  photographed  with  present  means. 


533d  Meeting.  March  30,  1901. 

President  Walcott  in  the  chair. 

Twenty-nine  persons  present. 

The  election  and  qualification  of  Mr.  John  C.  Hoyt  was  an¬ 
nounced. 

Mr.  J.  B.  Baylor  read  a  paper  on  The  magnetic  survey  of 
North  Carolina,  which  has  been  carried  on  jointly  by  the  State 
and  the  U.  S.  Coast  and  Geodetic  Survey.  Meridian  lines  were 
set  at  every  county  seat,  and  the  total  expense  of  the  whole  sur¬ 
vey  for  each  county  has  been  only  $16.70.  Isogonic  charts  were 
shown.  [Published  in  U.  Coast  and  Geodetic  Survey  Report 
for  1898-9,  Appendix  9.] 

Remarks  were  made  by  Mr.  Bauer. 

Mr.  J.  E.  Watkins  told  of  A  century  of  land  transportation 
by  steam,  narrating  the  development  of  rails,  wheels,  and  loco¬ 
motives,  with  especial  reference  to  early  American  practice.  The 
first  American-built  locomotive  appeared  June  15,  1830.  [Not 
published.] 

Mr.  Lord,  of  Carbondale,  Pa.,  by  invitation  gave  some  partic¬ 
ulars  of  the  locomotive  “Stourbridge  Lion,”  imported  by  the 
Delaware  and  Hudson  Canal  Company  and  now  in  the  National 
Museum. 

Mr.  A.  C.  Peale  read  A  biographical  sketch  of  Titian  R. 
Peale,  one  of  the  Founders  of  the  Society.  [Published  in  this 
volume,  p.  317.] 
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534th  Meeting*.  April  13,  1901. 

Vice-President  Rathbun  in  the  chair. 

Eighteen  persons  present. 

Mr.  Edwin  Smith  read  a  paper  on  the  International  Geodetic 
Association  latitude  service.  It  consisted  of  a  short  general 
statement  of  the  history  of  the  development  of  our  knowledge  of 
the  variation  of  latitude  up  to  1898,  of  the  plan  of  observations 
devised  by  the  International  Geodetic  Association  in  1898,  and 
of  the  very  satisfactory  progress  made  in  carrying  out  this 
program  at  six  stations  nearly  upon  the  thirty-ninth  parallel. 
Lantern  slides  were  exhibited  showing  the  distribution  of  the  sta¬ 
tions  in  longitude,  various  curves  illustrating  the  latitude  varia¬ 
tion,  a  graphical  representation  of  the  program  of  observation, 
and  the  instruments  and  observatory  at  Gaithersburg,  Md.  [Not 
published.] 

Mr.  Artemas  Martin  read  a  paper  on  the  Properties  of  ra¬ 
tional  plane  triangles.  [Not  published.] 

535th  Meeting.  April  27,  1901. 

President  Walcott  in  the  chair. 

Thirty-one  persons  present. 

Mr.  I.  M.  Cassanowicz  presented  a  paper  on  The  funerary 
customs  of  the  ancient  Egyptians.  It  pointed  out  that  most  of 
the  monuments  and  remains  of  ancient  Egypt  are  of  a  sepulchral 
character.  The  Egyptians  believed  in  a  personal  existence  under 
conditions  and  in  localities  much  like  those  familiar  to  them. 
As  they  could  not  conceive  of  existence  apart  from  a  tangible 
substance,  a  link  was  needed  to  connect  the  Ka,  the  representative 
of  personality,  with  the  world  of  substantial  things;  this  link 
was  the  body,  and  so  its  preservation  was  essential.  Various 
forms  of  embalming  are  described  by  ancient  writers,  all  involv¬ 
ing  a  steeping  of  the  body  in  natron  for  70  days.  The  bodies  of 
the  poor  were  soaked  in  salt  and  hot  bitumen.  Then  followed  a 
minute  description  of  the  funeral  of  Ani,  largely  based  on  a  fine 
illuminated  papyrus  of  the  Book  of  the  Dead,  a  fac-simile  of 
which  is.  in  the  National  Museum.  [Not  published.] 

Remarks  on  the  paper  were  made  by  the  President. 
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Mr.  A.  L.  Baldwin  read  a  paper  on  The  measurement  of  nine 
primary  bases  in  1900.  These  were  to  control  the  triangulation 
now  being  carried  northward  and  southward  from  the  great 
transcontinental  belt  in  latitude  39°,  which  will  ultimately  give 
an  arc  of  23°  on  the  98th  meridian.  Both  rapidity  and  accuracy 
were  sought.  Five  sets  of  base  apparatus,  viz.,  the  Eimbeck  du¬ 
plex  bars  and  four  tapes,  were  used  on  each  base,  about  one-fifth 
of  the  measurement  being  made  with  each.  These  were  stand¬ 
ardized  under  field  conditions,  using  the  iced  bar  formerly  em¬ 
ployed  on  the  Holton  base.  The  greatest  difference  between 
measures  of  the  same  base  was  20mm  to  the  kilometer.  The  nine 
bases  were  measured  by  a  party  of  ten  in  little  more  than  6 
months.  About  30  lantern  slides  showed  the  apparatus  in  actual 
use  in  the  field.  [Published  in  full  in  TJ.  S.  Coast  and  Geodetic 
Survey  Report  for  1901,  Appendix  3.] 

A  general  discussion  followed. 


536th  Meeting.  May  11,  1901. 

Vice-President  Rathbun  in  the  chair. 

Twenty-six  persons  present. 

The  Chairman  stated  the  business  of  the  meeting  was  to  con¬ 
sider  the  question  of  incorporating  the  Society  in  pursuance  of  a 
resolution  of  the  General  Committee,  a  copy  of  which  had  been 
sent  to  each  member  in  the  regular  call  for  the  meeting.  He 
called  on  Mr.  Baker,  chairman  of  the  special  committee  which 
had  drawn  up  the  resolution,  to  present  the  matter. 

Mr.  M.  Baker  stated  the  reasons  for  the  proposed  action,  and 
introduced  the  following: 

“Resolved,  That  the  Philosophical  Society  adopt  the  recom¬ 
mendation  of  the  General  Committee  to  incorporate  the  Philo¬ 
sophical  Society  of  Washington.” 

After  discussion  by  Messrs.  Adler,  Bigelow,  Hall,  DeCain- 
dry,  Marvin,  See,  Sternberg,  and  Winston,  the  resolution 
was  adopted  by  a  rising  vote  of  25  affirmative  to  no  negative 
votes. 

The  following  resolutions  were  also  passed: 
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“Resolved,  That  the  carrying  into  effect  of  the  foregoing  reso¬ 
lution  be  entrusted  to  the  General  Committee. 

“Resolved,  That  this  body  adjourn  to  meet  May  25,  1901,  at 
8  p.  m.,  to  elect  officers,  in  accordance  with  the  proposed  act  of 
incorporation,  adopt  by-laws,  and  listen  to  such  communications 
as  may  be  laid  before  it.” 


537th  Meeting.  May  25,  1901. 


Vice-President  Ratiibun  in  the  chair. 


About  twenty-five  persons  present. 

The  Chairman  stated  that  pursuant  to  the  instructions  of  the 
Society  at  the  last  meeting,  the  General  Committee  had  filed 
articles  of  incorporation  on  May  20th,  said  articles  being  signed 
by  three  of  the  forty-four  persons  who  founded  the  Society  in 
1871,  and  by  twenty-three  of  the  officers  and  past  presidents  of 
the  Society.  [See  p.  339  of  this  volume.] 

He  also  stated  that  at  the  meeting  of  the  General  Committee 
held  this  evening  all  the  persons  who  were  members  of  the  So¬ 
ciety  on  May  20th  were  elected  to  the  incorporated  Society. 

A  code  of  by-laws  substantially  the  same  as  the  present  consti¬ 
tution  was  unanimously  adopted.  [See  p.  340.] 

The  Society  then  proceeded  to  the  election  of  a  Board  of  Man¬ 
agers  for  the  first  year.  The  seventeen  officers  elected  December 
22,  1900,  and  the  eight  past  presidents  who  had  signified  their 
intention  to  attend  the  meetings  of  the  General  Committee  were 
elected.  They  are  as  follows: 

President . C.  D.  Walcott. 


Treasurer . . 
Secretaries. 


Vice-Presidents 


C.  Adler. 

E.  D.  Preston. 

. .  B.  R.  Green. 

.  J.  F.  Hanford.  C.  K.  Wead. 


General  Committee. 


L.  A.  Bauer. 

W.  A.  DeCaindry. 
J.  G.  Hagen. 

G.  W.  Littlehales. 


C.  F.  Marvin. 
H.  M.  Paul. 
F.  W.  True. 

J.  E.  W ATKIN; 


I.  Winston. 
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Past  Presidents. 


M.  Baker. 

F.  H.  Bigelow. 
F.  W.  Clarke. 
W.  H.  Ball. 


W.  Harkness. 

S.  Newcomb. 

G.  M.  Sternberg. 
0.  H.  Tittmann. 


President  Walcott  then  took  the  chair. 

The  Chairman  raised  the  question  whether  this  meeting 
should  be  treated  as  the  first  meeting  of  the  new  Society  or  as 
one  of  the  old  series.  After  some  discussion  he  stated  that  by 
unanimous  consent  the  organization  was  to  be  considered  as 
continuous. 

Mr.  G.  M.  Sternberg  then  read  a  paper  on  The  transmission 
of  yellow  fever  by  mosquitoes.  Researches  made  by  Dr.  Reid 
under  direction  of  the  Surgeon  General  have  established  the  fact 
that  the  disease  is  not  communicated  by  bedding,  etc.,  used  by 
a  patient,  nor  through  the  air;  the  injection  of  blood  from  a 
yellow  fever  patient  into  the  blood  of  a  healthy  person  will  com¬ 
municate  it;  but  the  usual  means  of  transmission  is  through  a 
mosquito,  in  whose  body  it  requires  12  days  for  the  germ  to  de¬ 
velop.  This  theory  explains  many  long-known  and  puzzling 
facts,  and  indicates  that  the  disease  may  be  stamped  out  by  pre¬ 
venting  the  access  of  mosquitoes  to  patients  having  the  disease. 
[Not  published.] 

The  paper  was  discussed  by  Messrs.  Bauer,  Bigelow,  Gore, 
Hayford,  and  Marvin. 

Mr.  J.  W.  Froley  read  a  paper  entitled  Mathematical  discus¬ 
sion  of  appliances  for  describing  oval  and  circular  arcs  of  very 
large  radius.  The  principal  one  of  these  was  based  on  the  fact 
that  under  special  conditions  the  elastic  curve  produced  by  par¬ 
allel  forces  becomes  a  circular  arc.  [Not  published.] 

The  paper  was  discussed  by  Messrs.  Baker,  Hayford,  Radel- 
finger,  and  Wead. 


538th  Meeting.  October  12,  1901. 


Past  President  Baker  in  the  chair. 


Twenty-six  persons  present. 

Mr.  Green  spoke  informally  of  the  creeping  on  its  base  of 
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one  of  the  bronze  statues  in  the  city,  due  to  expansion  by  heat. 
This  led  to  a  general  discussion  on  expansion  in  modem  struc¬ 
tures,  participated  in  by  Messrs.  Hayford,  Marvin,  Updegraff, 
We  ad,  and  Winston. 

Mr.  0.  H.  Tittmann  then  read  a  Biographical  notice  of  Mr. 
Charles  A.  Schott,  for  many  years  Chief  of  the  Computing  Divis¬ 
ion  of  the  Coast  and  Geodetic  Survey.  [Published  in  this  vol¬ 
ume,  p.  312.] 

Mr.  R.  A.  Fessenden  presented  a  report  on  Progress  in  practical 
and  experimental  electricity.  It  gave  a  rapid  sketch  of  the  con¬ 
dition  of  all  the  great  branches  of  the  subject.  In  the  discussion 
that  followed  Messrs.  Bliss,  Marvin,  Maynard,  Radelfinger, 
and  Strother  took  part.  [Published  in  this  volume,  p.  167.] 


539th  Meeting.  October  26,  1901. 

Past  President  Dall  in  the  chair. 

Twenty-six  persons  present. 

Mr.  Wead  presented  a  new  graphical  method  for  the  Quadra¬ 
ture  of  the  circle.  Mr.  Baker  and  Mr.  Hinton  added  other 
methods.  [Not  published.] 

Mr.  M.  Baker  read  a  paper  on  the  Dictionary  of  Alaskan 
names,  soon  to  be  published  by  the  Geological  Survey.  It  will 
contain  about  6,500  adopted  names,  3,000  obsolete  names  and 
cross-references,  and  60  pages  devoted  to  authorities,  with  brief 
accounts  of  explorers.  [The  Dictionary  is  U.  S.  Geol.  Survey 
Bull.  Series  F,  No.  187,' 8  vo,  pp.  1-446,  1901.] 

Mr.  Dall  spoke  appreciatively  of  the  work. 

Mr.  C.  H.  Hinton,  of  the  Nautical  Almanac  Office,  then  read 
by  invitation  part  of  a  paper  on  A  fourth  dimension  in  space  de¬ 
manded  by  electrical  phenomena.  So  far  as  presented,  it  ap¬ 
peared  to  be  an  extension  to  4-space  of  the  principles  of  qua¬ 
ternions  familiar  in  3-space.  [Published  in  this  volume,  p. 
179.] 
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540th  Meeting.  November  9,  1901. 

Vice-President  Adler  in  the  chair. 

Thirty-one  persons  present. 

The  election  and  qualification  of  Messrs.  W.  H.  Burger  and 
Daniel  L.  Hazard  were  announced. 

Mr.  Hinton  continued  the  presentation  begun  at  the  last 
meeting. 

Mr.  G-.  M.  Sternberg  read  a  paper  on  Health  conditions  in 
the  Philippines.  He  stated  that  the  health  of  the  troops  has 
been  constantly  improving ;  smallpox  has  been  practically 
stamped  out;  typhoid  and  malarial  fevers  and  heat-stroke  are 
almost  unknown.  Dysentery  is  one  of  the  most  serious  troubles ; 
so  at  most  of  the  barracks  distilled  or  sterilized  water  is  supplied. 
[Not  published.] 

In  the  discussion  that  followed  Mr.  Dale  spoke  of  the  fact 
that  in  Alaska  mosquitoes  of  several  kinds  are  very  abundant/ but 
there  is  no  malaria. 

Mr.  C.  Adler  reported  on  the  progress  on  the  International 
Catalogue  of  Scientific  Literature.  The  plans  adopted  by  the 
Conference  in  1900  are  that  each  country  is  to  index  the  literature 
published  within  its  borders  pertaining  to  17  specified  subjects; 
this  material  is  to  be  arranged  and  published  by  the  Royal  So¬ 
ciety  in  17  volumes  annually.  About  300  sets  have  been  sub¬ 
scribed  for  at  £1  per  volume,  65  of  them  in  the  United  States. 
The  indexing  begins  with  publications  of  1901,  and  the  Smith¬ 
sonian  Institution  has  undertaken  the  work  for  this  country. 
Numerous  questions  regarding  details  of  the  work  were  answered 
by  the  speaker.  [Not  published.] 


541st  Meeting.  November  23,  1901. 

President  Walcott  in  the  chair. 

Nineteen  persons  present. 

Mr.  W.  H.  Dall  spoke  on  The  true  nature  of  Tamiosoma. 
This  fossil,  found  in  California,  was  named  by  Conrad  in  1856, 
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but  its  nature  and  relationships  have  been  much  discussed.  The 
speaker  now  finds  that  it  is  a  barnacle,  and  that  former  errors 
arose  from  depending  on  broken  specimens.  [Published  in 
Science,  vol.  xv,  p.  5  (1902).] 

Mr.  J.  F.  Hayford  answered  the  question,  What  is  the  center 
of  an  area  or  the  center  of  a  population  ?  pointing  out  especially 
the  inexactness  of  the  popular  notion  that  the  latter  center  is  the 
point  that  has  as  many  people  on  one  side  of  it  as  on  the  other; 
in  practice  this  would  give  as  many  centers  as  there  were  pairs 
of  intersecting  lines.’  This  was  illustrated  by  an  ingenious 
model.  The  only  definition  that  gives  a  single  point  is  that 
corresponding  to  the  center  of  gravity  of  an  area.  [Not  pub¬ 
lished.] 

Mr.  0.  H.  Tittmann  read  from  an  article  published  by  Prof. 
Hilgard  in  1872  on  movements  of  the  center  of  population  in  the 
United  States. 

The  paper  was  discussed  by  Messrs.  Ball,  Thomson,  Upde- 
graff,  and  We  ad. 


542d  Meeting.  December  7,  1901. 

Vice-President  Gore  in  the  chair. 

Thirty  persons  present. 

Mr.  Radelfinger  presented  a  curious  series  that  he  has  met 
with  in  differentiating  a  complex  variable. 

Mr.  T.  J.  J.  See,  of  the  Naval  Observatory,  presented  his  re¬ 
sults  on  the  Diameters  of  the  planets  as  measured  in  daylight. 
The  measures  were  made  near  the  close  of  the  day,  and  the  sky 
being  partially  lighted,  the  error  from  irradiation  was  reduced 
or  removed  entirely.  This  error  for  Venus  was  estimated  as 
0".72.  The  result  is  to  diminish  the  diameters  observed  at 
night  by  from  0".25  for  Neptune  to  0".75  for  Jupiter.  These 
diameters  for  Jupiter  and  Saturn  appear  to  be  reliable  to 
1/1000.  Measures  on  Jupiter’s  satellites  and  Titan  were  also 
given.  As  a  consequence  of  the  reduced  value  of  the  diameters, 
the  density  of  the  planets  will  be  increased.  [Results  incor- 
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porated  in  several  papers  published  in  Astro.  Nach.,  ending  with 
AN,  No.  3992.] 

The  paper  was  discussed  by  Mr.  Bigelow. 

Mr.  A.  F.  A.  King  read  a  paper  on  The  etiology  of  intermit¬ 
tent  fever.  He  said  four  facts  about  this  disease  are  now  estab¬ 
lished:  (1)  It  is  caused  by  an  animal  organism,  (2)  which  feeds 
on  the  red  corpuscles  of  the  blood;  (3)  the  paroxysm  is  due  to 
sporulation,  and  (4)  the  organism  is  killed  by  sulphate  of 
quinine.  He'  then  discussed  sunlight  as  a  factor  in  promoting 
sporulation  of  the  malarial  parasite,  which  he  maintained  would 
not  take  place  in  continued  darkness.  Many  familiar  facts  were 
cited  in  support  of  this  view,  and  some  statistics — as  that  chills 
do  not  occur  at  night,  and  races  with  non-transparent  skins  are 
immune.  The  experimental  verification  of  the  theory  awaits  a 
time  when  malarial  patients  are  more  numerous  than  they  have 
been  during  the  past  season.  [Published  in  Amer.  Journ.  of  the 
Medical  Sciences  (Phila.),  Feb.,  1902;  Medical  Annals  (Wash¬ 
ington),  vol.  i,  No.  1,  March,  1902.] 

Remarks  were  made  by  Dr.  Richardson,  of  St.  Elizabeth’s 
Hospital,  and  Mr.  Thompson. 


543d  Meeting.  December  21,  1901. 

President  Walcott  in  the  chair. 

Nineteen  persons  present. 

The  Minutes  of  the  Thirtieth  Annual  Meeting  were  read  and 
approved.  The  annual  report  of  the  Secretaries  was  read  and 
ordered  on  file. 

ANNUAL  REPORT  OF  THE  SECRETARIES  FOR  1901. 

Washington,  D.  C.,  December  21,  1901. 
To  the  Philosophical  Society  of  Washington: 

The  Secretaries  have  the  honor  to  submit  the  following  report : 

The  number  of  active  members  at  the  date  of  the  last  report 
was  112.  Of  this  number  2  have  died,  5  have  resigned,  3  have 
been  transferred  to  the  absent  list,  and  3  dropped  for  non-pay¬ 
ment  of  dues,  making  a  total  loss  of  13.  The  gain  has  been : 


PROCEEDINGS. 


381 


By  election  and  qualification  of  new  members,  8;  by  transfer 
from  the  absent  list,  1 ;  making  a  net  loss  of  4.  The  present 
active  membership  is  108.  Four  persons  elected  within  two 
months  of  date  have  not  yet  qualified  as  members. 

The  number  on  the  absent  list  is  75,  two  more  than  at  the  date 
of  the  last  report. 

The  list  of  deceased  members  is: 

Samuel  Clagett  Busey.  Charles  Anthony  Schott. 

The  new  members  are : 

R.  L.  Faris.,  William  H.  Burger. 

Wm.  Weinrich,  Jr.  John  C.  Hoyt. 

Walter  G.  Cady.  Daniel  L.  Hazard. 

The  following  members  were  transferred  from  the  active  to 
the  absent  list : 

H.  S.  Davis.  J.  T.  Hedrick. 

H.  S.  Pritchett. 

Mr.  C.  C.  Yates  was  transferred  from  the  absent  to  the  active 
list. 

The  following  members  resigned  membership : 

Joseph  K.  McC ammon.  Whitman  Cross. 

D.  W.  Taylor.  W.  B.  Powell. 

B.  Pickman  Mann. 

The  General  Committee  held  18  meetings,  at  which  the  aver¬ 
age  attendance  was  12. 

The  Society  held  17  meetings,  of  which  15  were  devoted  to  the 
reading  and  discussion  of  papers,  one  to  the  incorporation  of  the 
Society,  and  one  to  the  annual  meeting  for  reports  and  election 
of  officers. 

The  average  attendance  at  the  meetings  devoted  to  reading 
and  discusion  of  papers  was  29,  the  largest  attendance  being  at 
the  session  of  February  2,  devoted  to  the  discussion  of  the 
eclipse  of  1900,  at  which  55  were  present. 

Thirty-four  papers  were  presented  by  thirty  persons,  of  which 
five  were  presented  upon  invitation  by  persons  not  members  of 
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the  Society.  Five  of  the  papers  were  reports  of  the  Science  Com¬ 
mittees.  The  lantern  was  nsed  on  three  evenings.  A  biographical 
notice  of  one  deceased  member  was  read,  viz.,  of  Charles 
Anthony  Schott.  The  matter  presented  in  the  regular  papers 
may  be  classified  in  a  general  way  as  follows :  Astronomical,  7 
papers;  Geodetic,  7;  Mathematical,  4;  Physics,  4;  Medical,  3; 
Biographical,  2;  Magnetic,  2,  and  Geographic,  Statistical, 
Bibliographical,  Paleontology,  Archeology,  and  Railroads,  1  each, 

During  the  year  322  copies  of  volume  xiii  of  the  Bulletin  were 
bound,  and  284  copies  distributed  to  establishments  on  the  ex¬ 
change  list.  Two  papers,  viz.,  Report  of  the  Physical  Science 
Committee,  pages  93-138  of  volume  xiv  of  the  Bulletin,  and  of  the 
Mathematical  Science  Committee,  pages  139-166  of  the  Bulletin, 
were  published  and  promptly  *  distributed  to  members  and  to 
establishments  on  the  exchange  list. 

There  are  appended  to  this  report  the  following  lists : 

1.  Of  the  Bulletins  of  the  Philosophical  Society  distributed 
from,  and  received  at,  the  depository  in  the  Smithsonian  Institu¬ 
tion  during  the  year. 

2.  Of  the  Bulletins  on  hand. 

3.  Of  the  separates  of  Bulletins  xi,  xii,  xiii,  and  xiv  on  hand. 

4.  A  statement  of  the  number  of  publications  received  in  ex¬ 
change  for  publications  of  the  Societ}^,  these  numbers  being 
classified  by  countries. 

A  short  statement  of  the  manner  in  which  the  publications  of 
the  Society  are  distributed,  and  in  which  the  publications  re¬ 
ceived  in  return  are  disposed  of,  is  here  given  for  the  informa¬ 
tion  of  members.  The  past  practice  has  been  to  distribute  the 
Bulletins  in  completed  volumes,  the  exchange-list  copies  being 
held  back  until  the  volume  is  completed.  This  practice  ended 
with  volume  xiii.  The  separates  of  volume  xiv  are  being  sent 
out  as  soon  as  printed  to  the  whole  exchange  list,  as  well  as  to 
the  membership  of  the  Society,  thus  insuring  that  the  papers 
will  reach  the  readers  much  sooner  than  heretofore.  At  present 
the  separates  of  Bulletins  are  being  sent  to  283  different  estab¬ 
lishments.  There  are  238  establishments  from  which  publica¬ 
tions  are  being  received.  The  difference  between  these  numbers 
283  and  238  is  accounted  for  by  various  establishments  to  which 
the  publications  are  sent,  but  from  which  nothing  is  received,  as 
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they  publish  nothing.  During  the  past  year  1,000  volumes  and 
pamphlets  were  received  in  exchange  for  publications  of  the 
Society  and  were  distributed  to  the  Naval  Observatory,  the 
Library  of  Congress,  the  National  Museum,  the  Smithsonian  In¬ 
stitution,  and  the  Geological  Survey. 

In  so  far  as  accounts  are  concerned,  it  may  be  stated  that  a 
complete  account  is  kept  of  all  the  bulletins  and  separates  re¬ 
ceived  from  the  printer  and  a  complete  record  of  their  distribu¬ 
tion.  In  so  far  as  the-  exchange  list  is  concerned,  it  may  be  stated 
that  two  card  records  are  kept,  one  showing  the  establishments 
to  which  the  publications  are  sent  and  each  card  showing  exactly 
what  publications  have  been  sent  to  date  to  the  establishment  in 
cpiestion.  A  second  set  of  cards  is  kept,  showing  from  what 
establishments  publications  are  received,  and  showing  for  each 
establishment  to  which  of  the  five  recipients  in  Washington  their 
publications  are  forwarded  as  soon  as  received.  Each  publication 
received  in  exchange  is,  before  being  sent  to  its  Washington 
recipient,  stamped  in  such  a  manner  as  to  show  that  it  is  a  gift 
from  the  Philosophical  Society. 

The  principal  event  of  the  year  was  the  incorporation  of  the 
Society.  The  articles  of  incorporation  were  filed  on  May  20, 
1901,  in  accordance  with  the  instructions  of  the  Society  given  at 
its  meeting  of  May  11th.  On  May  25th  the  incorporators  elected 
as  their  associates  all  persons  who  were  members  of  the  Philo¬ 
sophical  Society  of  Washington  on  May  20,  1901,  the  date  of  the 
incorporation.  The  effect  of  this  action  was  to  make  the  mem¬ 
bership  of  the  incorporated  Society  the  same  as  that  of  the  unin¬ 
corporated  Society  which  it  superseded.  It  was  decided  at  the 
meeting  of  the  Society  on  May  25th  that  the  life  of  the  Society 
should  be  considered  continuous  and  the  meetings  have  accord¬ 
ingly  been  numbered  consecutively.  At  this  meeting  By-Laws 
were  adopted  which  were  substantially  the  same  as  the  Consti¬ 
tution  formerly  in  force. 

Upon  the  supposition  that  it  is  well  for  the  members  to  know 
whether  their  Society  is  prospering  or  not,  the  following  table 
has  been  incorporated  in  this  report,  showing  in  successive  col¬ 
umns  the  year  of  report,  the  number  of  active  members,  the  total 
gain  or  loss  in  membership,  the  number  of  new  members  elected, 
the  average  attendance  at  the  meetings  for  the  reading  of  papers, 
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this  attendance  expressed  as  a  percentage  of  the  number  of  active 
membership,  and  finally  the  dates  of  organization  of  the  various 
associated  scientific  societies  in  Washington  are  indicated. 


Date. 

Active 

mem¬ 

bers. 

Gain  + 
Loss  — 

New 

mem¬ 

bers. 

Attend¬ 

ance 

average. 

Per 

cent. 

Societies  organized. 

1879 

Anthropological. 

1880 

Biological. 

1881 

May,  1882 

*  149* 

1883 

149 

1884 

173 

+  24 

35 

42 

24 

Chemical  and  Ento¬ 

mological. 

1885 

179 

+  6 

22 

45 

27 

1886 

183 

+  4 

18 

47 

26 

1887 

189 

+  6 

14 

49 

26 

1888 

185 

—  4 

11 

40 

22 

Geographic. 

1889 

189 

+  4 

10 

40 

21 

1890 

198 

+  9 

18 

42 

21 

1891 

197 

—  1 

10 

36 

16 

1892 

188 

—  9 

4 

33 

18 

1893 

177 

—  11 

6 

33 

19 

Geological. 

1894 

155 

—  22 

4 

35 

23 

Historical. 

1895 

142 

—  13 

4 

29 

20 

1896 

123 

—  19 

9 

28 

23 

1897 

121 

—  2 

8 

29 

24 

1898 

118 

—  3 

4 

22 

19 

Academy. 

1899 

114 

—  4 

5 

31 

27 

1900 

112 

—  2 

6 

26 

23 

1901 

108 

—  4 

8 

29 

27 

The  table  indicates  that  the  maximum  membership  of  the 
Society  was  198  in  1890,  two  years  after  the  organization  of  the 
Geographic  Society,  and  that  the  most  rapid  rate  of  decrease  of 
membership  was  in  1894,  the  year  of  organization  of  the  His¬ 
torical  Society  and  one  year  after  the  organization  of  the  Geo¬ 
logical  Society,  during  which  year  the  membership  decreased  by 
22,  and  that  since  1897  the  average  rate  of  decrease  has  been  3. 
The  number  of  new  members  elected  steadily  decreased  from 
1884,  when  35  members  were  elected,  to  1891,  when  10  new  mem¬ 
bers  were  elected.  From  1892  to  the  present  the  rate  of  election 
of  new  members  has  been  nearly  constant  at  an  average  rate  of  6, 
although  during  this  interval  the  Geological  and  Historical  So¬ 
cieties  and  the  Academy  of  Sciences  have  been  organized.  The 
maximum  average  attendance  between  1884  and  the  present  was 
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49,  in  the  year  1887,  and  has  shown  no  signs  of  either  steadily 
increasing  or  decreasing  since  1895.  The  attendance  expressed 
as  a  percentage,  however,  has  been  27  during  the  past  year,  which 
is  as  high  as  it  ever  has  been,  and  the  column  shows  a  greater 
percentage  of  attendance  during  the  last  three  years  than  for 
any  similar  period  since  1887.  The  Secretaries  respectfully  sub¬ 
mit  that  the  indications  are  that  the  decrease  in  the  strength  of 
the  Society,  due  to  the  organization  of  the  various  associated 
Societies  from  the  same  group  of  men  from  which  the  Philo¬ 
sophical  Society  draws  its  strength,  has  practically  ceased  and 
that  the  Society  may  now  be  considered  to  have  reached  a  steady 
regime. 

Respectfully  submitted, 

C.  K.  We  ad, 

John  F.  Hayford, 

Secretaries. 

The  annual  report  of  the  Treasurer  was  read  and  referred  to 
an  auditing  committee  consisting  of  Messrs.  Maynard,  Harris, 
and,  Briggs. 

ANNUAL  REPORT  OF  THE  TREASURER  FOR  1901. 

Washington,  D.  C.,  December  21,  1901. 
To  the  Philosophical  Society  of  Washington: 

The  Treasurer  has  the  honor  to  submit  his  annual  report  for 
the  year  1901. 

The  income  of  the  Society  for  The  year  consisted  mainly  of  the 
dues  of  members,  interest  on  the  investments  of  the  Society  in 
bonds  of  the  United  States,  Cosmos  Club,  and  Columbia  Rail¬ 
way,  sale  of  publications  and  a  United  States  bond,  and  rental 
of  stereopticon,  as  follows: 


Dues  of  members,  1899 ..........................  $15  00 

Dues  of  members,  1900. . . 95  00 

Dues  of  members,  1901 .  . . 455  00 

Dues  of  members,  1902. . 5  00 


$570  00 
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Sale  of  $1000  United  States  4  per  cent,  bond  of  1907. .....  $1,116  25 

Interest  on  $1500  United  States  4  per  cent.  bond. .........  60  00 

Interest  on  $3500  Cosmos  Club  bonds. . . .  175  06 

Interest  on  $1000  Columbia  Railwaay  bond  at  6  per  cent.. .  60  00 

Sale  of  separates,  Bulletin . . .  7  20 

Rental  of  stereopticon  to  other  scientific  societies . .  42  00 

Redeemed  internal  revenue  stamped  checks.  .............  58 


Total  receipts  . . . .  $2,031  09 

Disbursements  have  been  made  as  follows: 

Publishing  the  Bulletin . . .  199  85 

Operating  stereopticon  . .  46  70 

Rent  of  safe-deposit  box.  . . . . . . .  5  00 

Postage,  stationery,  miscellaneous  printing,  notices,  etc ....  95  10 

Clerical  services  ........................................  39  72 

Printing  reports  of  committees.  . . . .  134  83 

Expenses  of  incorporating.  . . .  11  10 

Expenses  of  Busey  memorial  meeting.  . . . . .  8  48 

Purchase  of  Cosmos  Club  bond  No.  65,  of  1921. ...........  1,000  00 

Purchase  of  100  shares  stock  Washington  Sanitary  Improve¬ 
ment  Co.  . . . . . . . . . .  1,000  00 


Total  expenditures  and  investments. ...............  $2,540  78 

STATEMENT  OF  ACCOUNT. 

Balance  on  hand  at  date  of  last  annual  report. . .  $923  81 

Receipts  as  above,  present  year. .........................  2,031  09 


$2,954  90 

Expenditures  as  above,  present  year. . .  2,540  78 


Cash  balance  on  hand. ............................  $414  12 

The  investments  of  the  Society  are  now  as  follows: 

U.  S.  bond  of  1907,  4  per  cent. . . . .  500  00 

Cosmos  Club  bonds,  5  per  cent.. . . .  3,500  00 

Cosmos  Club  bond,  4  per  cent.. . . . . .  1,000  00 

Columbia  Railway  bond,  6  per  cent . . .  1,000  00 

Washington  Sanitary  Improvement  Co.,  stock. ............  1,000  00 


Total  . . . . . ...  $7,000  00 

Very  respectfully, 

Bernard  R.  Green, 

Treasurer. 
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The  election  of  officers  for  the  ensuing  year  was  then  held, 


with  the  following  result: 

President . R.  Rathbun. 

T7.  „  .,  ,  f  J.  H.  Gore.  E.  D.  Preston. 

l  C.  Adler.  J.  G.  Hagen. 

Treasurer . B.  R.  Green. 

Secretaries . ,J.  F.  Hayford.  C.  K.  Wead. 

General  Committee. 

L.  A.  Bauer.  C.  F.  Marvin. 

L.  J.  Briggs.  H.  M.  Paul. 


W.  A.  DeCaindry.  F.  W.  True. 

G.  W.  Littlehales.  J.  E.  Watkins. 

I.  Winston. 

544th  Meeting.  January  4,  1902. 

Vice-President  Gore  in  the  chair. 

Thirty-nine  persons  present. 

The  report  of  the  Auditing  Committee  appointed  at  the  last 
meeting  was  read  and  ordered  on  file. 

The  election  and  qualification  of  Messrs.  C.  M.  Hall,  F.  B. 
Littell,  and  J.  D.  Thompson  were  announced. 

Mr.  D.  B.  Wainwright  read  a  paper  by  invitation  on  Longi¬ 
tude  by  wireless  telegraphy.  He  described  the  experiments 
made  in  October,  1901,  with  the  Marconi  apparatus,  at  Nan¬ 
tucket,  and  on  the  lightship,  48  miles  off.  Signals  from  the  ship 
were  recorded  on  the  chronograph  sheet  along  with  the  usual 
clock-beats,  and  means  were  found  to  eliminate  the  instrumental 
errors.  [Not  published.] 

In  the  discussion  that  followed  Mr.  Bauer  spoke  of  attempts 
to  determine  longitude  by  noting  the  times  of  simultaneous  mag¬ 
netic  disturbances.  Mr.  HxVYFORD  pointed  out  that  the  new 
wireless  method,  even  if  it  could  not  be  used  over  more  than  50 
miles,  was  probably  more  precise  than  any  other  except  the  tele¬ 
graphic.  The  paper  was  further  discussed  by  Messrs.  Farqu- 
har,  Paul,  Winston,  Marvin,  and  Gore. 

61— Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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Mr.  M.  Updegraff  prJtented  a  paper  on  The  stability  of  astro¬ 
nomical  piers.  The  earliest  astronomical  instrument  was  merely 
a  pier,  the  gnomon,  and  by  it  the  ancients  determined  a  large 
number  of  constants.  The  experience  at  various  observatories 
with  stone,  iron,  and  brick  piers  was  described,  and  the  defects 
which  have  led  to  the  replacing  of  the  marble  piers  of  the  6-inch 
circle  at  the  Naval  Observatory  by  brick  rising  from  a  great  con¬ 
crete  base,  were  explained.  [Not  published.] 

In  the  discussion  Mr.  Paul  described  his  experience  with  a 
telescope  mounted  on  a  pier  built  directly  on  a  rock  exposed  to 
the  sun’s  action,  and  Mr.  Green  spoke  of  the  long  time  needed 
for  concrete  to  reach  a  permanent  condition.  Eemarks  were 
also  made  by  Messrs.  Bauer  and  Wead. 

546th  Meeting.  January  18,  1902. 

Vice-President  Gore  in  the  chair. 

Thirty-six  persons  present. 

Mr.  L.  P.  Shidy  read  a  paper  on  An  explanation  of  the  cur¬ 
rents  in  Unalga  Pass,  Aleutian  Islands,  Alaska.  These  high 
currents  are  due  to  a  difference  in  level  at  the  ends  of  the  Pass, 
owing  to  the  fact  that  high  water  occurs  at  different  times ;  their 
velocity  seems  to  be  closely  proportional  to  the  square  root  of  the 
difference  of  level,  following  Torricelli’s  law.  [Not  published.] 

Mr.  Ball  spoke  of  the  violence  of  these  currents,  and  of  the 
unaccountable  dying  away  of  the  wind  at  the  middle  of  the  Pass. 

Mr.  J.  H.  Gore  then  gave  an  account  of  the  proposed  drain¬ 
ing  of  Zuyder  Zee,  illustrating  the  paper  by  many  lantern  slides. 
The  plan  recommended  by  the  large  commission  appointed  in 
1892  calls  for  the  reclamation  only  of  those  portions  that  have  a 
clay  bottom ;  so  the  mouths  of  the  rivers  and  the  present  routes 
of  water  communication  would  be  undisturbed.  A  great  sea 
dike  would  be  required  at  the  north  end,  with  many  locks  and 
sluiceways  to  be  opened  at  the  hours  of  low  tide.  This  would  re¬ 
quire  ten  years  and  cost  $16,000,000.  Then  an  area  of  52,000 
acres  in  the  northwest  part  would  be  diked  and  pumped  out,  at  a 
cost  of  $5,000,000.  Finally,  about  a  million  and  a  quarter  acres 
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would  be  reclaimed  in  33  years,  at  a  cost  of  $69,000,000.  This 
land  it  is  proposed  to  lease  at  $7  per  acre  per  year.  Three  years 
are  found  necessary  to  convert  the  reclaimed  lands  into  farm 
lands.  [Not  published.] 


546th  Meeting.  February  1,  1902. 

Vice-President  Marvin  in  the  chair. 

Thirty-six  persons  present. 

Mr.  Simon  Newcomb  read  a  paper  on  Recent  views  of  the 
universe.  He  pointed  out  the  low  density  and  high  temperature 
of  most  stars  as  compared  with  the  sun,  and  the  great  range  in 
their  luminosity,  as  from  more  than  1000  times  the  sun’s  bright¬ 
ness  at  the  same  distance  for  Canopus  and  Rigel  to  1/100  for 
some  other  stars.  Probably  most  stars  have  dark  bodies  revolv¬ 
ing  around  them,  and  the  stellar  orbits  are  generally  quite  eccen¬ 
tric.  The  distribution  of  the  stars  appears  to  be  remarkably 
symmetrical  around  the  axis  and  plane  of  the  Milky  Way.  Refer¬ 
ence  was  made  to  Lord  Kelvin’s  and  J.  J,  Thomson’s  recent 
papers.  [Not  published.] 

Mr.  F.  H.  Bigelow  then  read  a  paper  on  Aristotle’s  physics 
and  modern  physics.  Aristotle  defended  the  theory  of  nature 
which  avoids  both  the  extreme  idealist  view  and  the  extreme 
material  view,  and  developed  the  theory  of  evolution  from  an 
inner  potential  which  we  now  call  life.  He  denied  that  atoms 
exist  in  a  vacuum,  but  held  that  they  possess  mutual  powers  in 
a  plenum.  The  recent  views  advanced  by  Lord  Kelvin,  that  the 
ether  is  non-gravitational  matter,  and  that  action  at  a  distance 
is  the  law  of  atoms,  seem  like  a  close  return  to  the  theory  of 
Democritus  and  Aristotle;  but  Kelvin’s  startling  theory  that 
atoms  and  ether  can  occupy  identically  the  same  space  is  not  in 
agreement  with  Aristotle.  [Not  published.] 

Mr.  A.  L.  Day  spoke  on  The  measurement  of  high  tempera¬ 
tures.  He  pointed  out  that  temperatures  are  not  additive  quan¬ 
tities,  and  that  practically  their  measurement  depends  on  an 
extrapolation  outside  of  the  freezing  and  boiling  points  of  water. 
Practical  methods  have  been  based  on  expansion,  boiling  points, 
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specific  heats,  radiation,  viscosity,  electrical  resistance,  and 
thermo-electricity.  The  most  precise  instrument  is  the  nitrogen 
thermometer  with  platinum  bulb,  which  is  accurate  to  1°  up  to 
1200°  C.  [Published  in  part  in  the  Physical  Review,  vol.  xix, 
p.  177  (1904).] 


547th  Meeting.  February  15,  1902. 

Vice-President  Gore  in  the  chair. 

Thirty- three  persons  present. 

Mr.  A.  L.  Day  continued  his  paper  on  The  measurement  of 
high  temperatures.  He  said  that  above  the  limit  of  the  nitrogen 
thermometer,  say  1000°  C.,  platinum-resistance-thermometers  or 
pt.-pt.-rhodium  thermo-couples  are  used;  these  go  to  1600°,  with 
an  accuracy  of  about  ±10°.  Still  higher  are  the  optical  methods, 
as  Berthelot’s  interference  method,  and  the  one  depending  on 
radiation  from  a  black  body,  developed  by  Stefan,  Boltzman,  and 
Wien  ;  by  these,  measures  may  be  made  to  3000°  or  more  with  an 
accuracy  of  ±  100°. 

Mr.  L.  A.  Bauer  read  a  paper  on  Energy  and  entropy;  their 
role  in  thermodynamics  and  thermochemistry.  He  pointed  out 
that  in  heat-phenomena  theiprinciple  of  increase  of  entropy  first 
comes  into  play  prescribing  the  direction  or  method  of  the 
change,  and  after  a  state  of  stable  equilibrium  has  been  reached 
the  principle  of  conservation  of  energy  can  be  applied.  He 
further  pointed  out  that  it  would  be  a  gain  now  to  discard  the 
historical  method  of  establishing  the  entropy  principle,  and 
begin  with  an  equation  expressing  a  relation  between  the  two 
specific  heats  which  admits  of  experimental  proof,  and  pre¬ 
scribes  that  the  entropy  function  has  the  same  essential  property 
as  energy,  viz.,  of  being  independent  of  the  path  or  process  used 
in  going  from  one  state  to  another.  [Not  published.] 

The  subject  was  discussed  by  Messrs.  Baker  and  Gore. 

The  Chairman  announced  the  presence  of  M.  C.  A.  Laisant, 
examinateur  d’admission  a  FEcole  Polytechnique,  Paris. 
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548th  Meeting.  March  1,  1902. 

Vice-President  Gore  in  the  chair. 

Thirty-two  persons  present. 

The  usual  committees  were  announced  as  follows : 

Committee  on  Mathematical  Science. 

F.  G.  Radelfinger.  C.  Abbe. 

J.  H.  Gore.  F.  H.  Bigelow. 

L.  E.  Dickson. 

Committee  on  Physical  Science . 

C.  F.  Marvin.  A.  L.  Day. 

C.  Abbe.  S.  W.  Stratton. 

L.  A.  Bauer. 

Committee  on  General  Science . 

W.  H.  Dale.  A.  Lindenkohl. 

C.  Adler.  C.  H.  Merriam. 

A.  C.  Peale. 

Mr.  Briggs  spoke  informally  on  A  rainbow  observed  in  the 
dew.  Messrs.  Abbe,  Baker,  Gilbert,  Paul,  and  We  ad  joined  in 
the  discussion. 

Mr.  Baker  gave  a  brief  account  of  the  present  status  of  the 
Carnegie  Institution. 

Mr.  D.  L.  Hazard  read  a  paper  on  The  secular  variation  of 
the  magnetic  declination  in  the  United  States.  This  change  appears 
to  be  periodic,  having  a  period  of  several  hundred  years  and 
amounting  to  5°  to  8°.  The  Coast  and  Geodetic  Survey  has 
made  observations  for  fifty  years  and  has  deduced  certain  gen¬ 
eral  relations  between  the  geographical  location  of  a  place 
and  the  terms  of  the  formula  expressing  the  declination.  On  the 
basis  of  these  a  new  isogonic  chart  has  just  been  issued.  [A  sum¬ 
mary  of  the  U.  S.  Declination  Tables,  etc.,  for  1902,  by  L.  A. 
Bauer,  published  by  the  Coast  and  Geodetic  Survey.] 

In  the  discussion  that  followed  Mr.  Baker  spoke  of  the 
voluminous  magnetic  records  made  by  the  surveyors  of  the  Land 
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Office  and  discussed  by  Mr.  Gannett;  Mr.  Bauer  told  of  the 
expedition  to  locate  the  magnetic  north  pole;  and  Mr.  Otto  J. 
Klotz,  of  Ottawa,  spoke  of  some  Canadian  surveys. 

Mr.  C.  F.  Marvin  read  a  paper  on  Anemometer  comparisons 
and  the  use  of  ball-bearings.  It  is  found  to  be  better  to  make 
whirling  machine  comparisons  in  the  open  air.  The  coefficient  3 
for  the  Kobinson  type  is  too  large,  the  formula  for  the  standard 
instruments  being  Vel.  of  wind  =  0.263  +  2.953  v  —0.0407  v\ 
where  v  =»  velocity  of  center  of  cups.  Therefore  high  velocities 
are  reported,  much  too  high.  Friction  is  insignificant  except 
with  feeble  currents.  [Not  published.] 

The  paper  was  discussed  by  Messrs.  Eastman,  Gilbert,  and 
Hayford. 


549th  Meeting.  March  15,  1902. 

Vice-President  Gore  presided. 

Twenty-eight  persons  present. 

The  evening  was  devoted  to  papers  on  The  definition  of  some 
modern  sciences.  [Published  in  Popular  Science  Monthly.] 

Mr.  W.  H.  Ball  in  some  introductory  remarks  recalled  the 
time  when  all  the  sciences  were  represented  in  the  Philosophical 
Society,  before  it  was  split  up  into  numerous  societies ;  he  quoted 
definitions  of  science  from  early  English  dictionaries,  and  out¬ 
lined  the  field  which  the  speakers  to  follow  had  been  invited  to 
cover. 

Mr.  Carroll  D.  Wright  spoke  on  Statistics.  He  said  the  sub¬ 
ject  may  be  considered  either  as  a  method  or  as  a  science  de¬ 
manding  classification  of  facts.  Numerous  illustrations  of  fal¬ 
lacies  in  the  collection  and  use  of  statistical  data  were  illustrated, 
and  attention  was  called  to  the  importance  of  the  psj^chological 
element  in  the  interpretation  of  such  data — e.  g .,  in  1890  it  was 
found  that  most  farm  mortgages  were  evidence  of  prosperity 
rather  than  of  adversity. 

Mr.  E.  P.  Falkner  dealt  with  Economics.  This  deals  with 
wealth;  its  subject-matter  is  the  effort  which  man  puts  forth  to 
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supply  his  wants,  which  are  unlimited,  while  nature’s  provision  is 
limited,  and  the  rules  which  govern  this  effort.  The  form  which 
economic  organization  assumes  at  any  time  and  place  depends  on 
the  abundance  of  land,  labor,  and  capital.  The  axioms  of  the 
theoretical  or  deductive  economist  are,  that  nature’s  gifts  are 
limited  and  that  the  “economic  man”  seeks  the  maximum  result 
with  the  minimum  effort.  The  newer  inductive  or  historical 
school  of  economists  concerns  itself  minutely  with  the  affairs  of 
the  past  as  well  as  the  present. 

Mr.  E.  A.  Pace  considered  Psychology.  The  subject  is  now 
in  a  transition  state.  The  older  treatment,  based  on  introspec¬ 
tion,  dealt  only  with  mental  processes.  The  newer  science  has 
three  methods  or  fields  of  research :  it  investigates  the  relations 
between  mental  and  physical  phenomena,  the  development  of 
mental  life, -and  abnormal  psychic  phenomena. 

Mr.  L.  F.  Ward  spoke  on  Sociology,  defining  it  as  the  science 
of  society  or  of  social  phenomena.  It  is  based  on  the  study  of 
large  groups  of  men,  not  of  individuals.  Tylor’s  ethnographic 
parallelisms  prove  a  uniform  law  of  psychic  development:  pri¬ 
mary  wants  are  the  same  and  are  similarly  supplied  everywhere ; 
governments  and  religions  have  more  in  common  than  in  diver¬ 
sity;  history  is  everywhere  the  same  except  the  names.  The 
causes  of  social  phenomena  may  be  grouped  as  (1)  environment 
(climate,  nature  of  country,  etc.),  and  (2)  subjective  environ¬ 
ment  or  character.  The  old  doctrine  of  free  will  made  man  a 
lawless  being,  not  a  rational  one;  we  now  see  that  the  law  of 
parsimony  runs  through  all  life. 

_ 

550th  Meeting.  March  29,  1902. 

Vice-President  Marvin  in  the  chair. 

Eighteen  persons  present. 

Mr.  Baker  presented  informally  a  geometrical  problem:  If 
one  corner  of  a  cube  be  cut  off  by  an  oblique  plane  the  sum  of 
the  squares  of  the  areas  of  the  three  faces  adjacent  to  the  corner 
is  equal  to  the  square  of  the  area  of  the  opposite  side.  This  can 
be  proved  analytically  but  not  geometrically;  so  the  speaker 
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held  the  relation  was  a  numerical  one  rather  than  a  geometrical 
one.  Mr.  Gore  concurred  in  this  view. 

Mr.  Gilbert  presented  informally  the  geophysical  problem 
of  the  pressure  of  a  glacier  on  its  bed  at  a  point  below  the  sur¬ 
face  of  the  ocean,  and  the  contradictory  solutions  that  had  been 
given.  This  was .  discussed  by  Messrs.  Winston,  Wead,  Spill¬ 
man,  Marvin,  Gore,  and  Paul. 

Mr.  J.  H.  Gore  read  a  paper  on  The  ambiguity  of  the  double 
sign  ±  occurring  in  the  extraction  of  roots.  He  pointed  out 
that  ordinarily  we  determine  by  experience  which  of  these  is  the 
true  one  in  a  specific  case ;  but  in  cases  outside  of  experience  we 
have  no  criterion  to  guide  our  choice.  [Not  published.! 

Mr.  C.  K.  Wead  then  spoke  on  The  theory  of  some  peculiar 
musical  instruments  in  the  National  Museum.  The  instruments 
discussed  included  some  globular  four-hole  whistles  that  follow 
the  resonator  law,  and  various  primitive  flutes  that  have  an  equal 
linear  division.  Both  classes  were  united  under  a  broad  generic 
law  applicable  to  instruments  rather  than  to  scales,  as  is  the 
case  with  our  law  of  scale  relations.  [A  summary  of  a  paper  in 
the  Eeport  of  the  U.  S.  National  Museum  for  1900,  p.  417.] 

Mr.  XJpham  exhibited  and  played  upon  several  of  the  instru¬ 
ments  that  had  been  discussed. 


551st  Meeting.  April  12,  1902. 

Vice-President  Gore  in  the  chair. 

One  hundred  persons  present. 

The  election  and  qualification  of  Messrs.  S.  W.  Stratton  and 
W.  J.  Spillman  were  announced. 

Mr.  G.  A.  Bobrick  spoke  by  invitation  on  Liquid  air,  its  his¬ 
tory,  manufacture,  and  uses.  The  classical  experiments  were 
shown  and  the  physical  properties  stated.  The  methods  used 
during  a  century  for  liquefying  gases  are  three:  the  bent  tube 
(Davy),  the  cascade  or  closed  double  cycle  (as  by  Pictet),  and 
the  self-intensive  or  regenerative  system.  Lantern  slides  illus¬ 
trated  this  last.  In  practice  this  yields  a  pound  of  liquid  air  per 
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pound  of  coal.  The  present  consumption  is  about  50  gallons  per 
week.  The  speaker  finds  this  an  ideal  source  of  power  for  auto¬ 
mobiles,  and  for  submarine  and  aerial  navigation,  except  for  its 
cost;  17  gallons  drive  his  vehicle  50  to  GO  miles.  It  is  useful  in 
manufacturing  food  extracts  and  chemicals  and  has  important 
medical  uses. 


552d  Meeting.  April  26,  1902. 

Vice-President  Marvin  in  the  chair. 

Twenty-one  persons  present. 

Mr.  W.  J.  Spillman  described  Mechanism  for  computing 
normal  equations  from  observational  equations.  This  has  as 
many  centrally  pivoted  levers  as  there  are  equations  to  be  com¬ 
bined;  each  lever  is  graduated  both  ways  from  the  center  and 
carries  as  many  slides  as  there  are  terms  in  each  equation;  these 
slides  are  set  each  on  the  graduation  corresponding  to  the  co¬ 
efficient  of  the  proper  terms,  and  cords  run  from  homologous 
slides  over  pulleys  to  pointers  each  moving  over  a  scale.  Multi¬ 
plication  is  performed  by  moving  the  end  of  any  lever  over  a 
graduated  arc  a  distance  corresponding  to  the  multiplier.  When 
all  the  multiplications  have  been  performed  the  sum  of  the  pro¬ 
ducts  of  the  homologous  terms  are  read  from  the  pointers.  [Not 
published.] 

Mr.  Gilbert  spoke  briefly  of  a  somewhat  similar  machine  he 
had  devised  several  years  ago. 

Mr.  L.  J.  Briggs  then  spoke  on  The  adsorption  of  gases  and 
dissolved  salts  by  quartz  and  glass.  The  weights  of  vapor  of 
water  and  of  carbon  dioxide  adsorbed  by  finely  powdered  quartz 
were  found  closely  proportional  to  the  pressure  of  the  vapor  or 
gas.  With  very  dilute  solutions  of  chlorides,  carbonates,  or 
hydroxides .  of  sodium,  potassium,  and  ammonium  the  amount 
adsorbed  increases  much  less  rapidly  than  the  concentration,  and 
appears  with  these  salts  to  be  dependent  on  the  acid  radical  rather 
than  upon  the  basic  element.  Attention  was  called  to  the  im¬ 
portance  of  such  investigations  in  their  bearings  on  problems 
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in  agriculture.  [Published  in  Journal  of  Physical  Chemistry, 
vol.  ix,  p.  617  (1905).] 

The  paper  was  discussed  by  Mr.  Radelfinger. 

553d  Meeting.  May  10,  1902. 

Vice-President  Gore  in  the  chair. 

Fifty-four  persons  present. 

Mr.  S'.  P.  Langley  read  a  paper  on  The  laws  of  nature. 
Having  been  invited  to  witness  a  so-called  miracle,  he  was  led  to 
realize  that  the  attitude  of  a  scientific  man  toward  such  phenom¬ 
ena  should  be  simply  judicial.  Then  he  was  led  to  study  the 
phrase,  Law  of  Nature.  A  century  or  more  ago  these  laws  were 
almost  deified ;  Hume’s  famous  argument  against  miracles, 
though  logically  conclusive,  is  not  now  convincing  because  based 
on  an  antiquated  conception;  then  there  was  less  mystery  than 
now;  his  century  was  satisfied  with  its  knowledge,  and  more 
arrogant  than  ours.  The  answer  to  the  question,  What  is  a 
miracle?  depends  on  the  intelligence  of  the  questioner.  The 
doctrine  of  Phlogiston  was  cited  as  an  illustration  of  a  changed 
attitude  to  once-accepted  principles.  Of  the  order  of  nature  we 
may  know  something;  but  the  so-called  laws  are  the  work  of  our 
own  minds.  The  lesson  for  us  is  to  keep  in  mind  the  notion  that 
we  know  nothing  absolutely.  [Published  in  Smithsonian  Report 
for  1901,  pp.  545-552;  Science,  vol.  xv,  p.  921.] 

In  the  discussion  that  followed  Mr.  Henry  Farquhar  cited  a 
pertinent  passage  from  Tyndall;  Mr.  Abbe  thought  the  Laws 
should  be  qualified  by  adding  “as  we  know  them”;  Mr.  Edward 
Farquhar  pointed  out  that  the  expression  in  question  is  an  illus¬ 
tration  of  the  domination  of  words;  Mr.  Hall  urged  that  the 
scientific  man  must  at  any  rate  assume  the  constancy  of  nature; 
Mr.  Wead  thought  of  the  Laws  as  corresponding  to  principles  of 
classification,  and  therefore  temporary  conveniences;  and  Mr. 
Gore  pointed  out  the  difficulty  of  finding  the  law  applicable  to 
given  facts. 

Mr.  C.  G.  Abbot,  by  invitation,  read  a  paper  On  the  relation 
of  the  sunspot  period  to  meteorology.  About  15  phenomena 
have  been  supposed  to  depend  on  sunspots;  a  relation  is  proved 
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between  these  and  aurorae  and  terrestrial  magnetism,  and  is  prob¬ 
able  between  them  and  the  temperature  and  pressure  of  the  air 
and  rainfall.  Repeated  attempts  have  been  made  to  detect  a 
variability  in  the  solar  radiation  corresponding  to  the  sunspot 
period,  but  unsuccessfully,  because  of  the  great  and  variable 
absorption  by  the  earth’s  atmosphere,  and  so  observations  at  very 
high  altitudes  are  needed.  There  is  a  probability  that  regions 
in  the  spectrum  will  be  found  for  which  the  atmospheric  absorp¬ 
tion  is  negligible  or  calculable.  [Published  in  Monthly  Weather 
Review,  vol.  xxx,  p.  178  (1902).] 

Mr.  Langley  expressed  his  cordial  approval  of  the  statement 
of  the  problem  just  presented. 

Mr.  C.  Abbe  then  spoke  on  the  General  revision  of  Wolf’s 
tables  of  relative  sunspot  frequency,  by  Prof.  A.  Wolfer,  of 
Zurich.  Wolf’s  tables,  published  in  1880,  are  the  foundation  of 
all  attempts  to  prove  coincidences.  Wolfer  has  corrected  many 
errors,  and  extended  the  tables  from  1740  to  date.  It  is  note¬ 
worthy  that  the  sunspots  increase  more  rapidly  than  they  de¬ 
crease.  Prof.  Newcomb’s  results  are  not  sensibly  changed  by 
the  revision.  There  is  no  evidence  in  these  figures  for  Lockyer’s 
35-year  period.  [Published  in  Monthly  Weather  Review,  vol. 
xxx,  p.  171  (1902).] 

In  the  following  discussion  Messrs.  Abbot,  Bigelow,  Paul, 
Bauer,  and  Farquhar  participated. 


554th  Meeting.  May  24,  1902. 

Vice-President  Marvin  in  the  chair. 

Thirty-one  persons  present. 

The  election  and  qualification  of  Mr.  A.  F.  Zahm  was  an¬ 
nounced. 

Mr.  Bauer  pointed  out  informally  the  remarkable  magnetic 
activity  at  present,  although  this  is  near  a  sunspot  minimum, 
and  that  effects  at  Cheltenham,  in  Kansas,  and  in  Honolulu  ap¬ 
pear  to  be  simultaneous :  magnetic  disturbances  have  been  noted 
synchronous  with  the  Guatemalan  earthquake  of  April  18  and 
the  Martinique  eruption  of  May  8. 
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The  communication  was  discussed  by  Messrs.  Paul,  Hazard, 
and  Abbe. 

Mr.  G.  K.  Gilbert  read  a  paper  on  The  mechanism  of  vol¬ 
canoes.  The  speaker  accepted  Dutton’s  views,  but  illustrated 
them  from  his  own  observations.  The  first  problem  is  why  the 
lava  rises;  the  primary  force  is  gravitation,  and  the  column  of 
lava  must  exert  less  pressure  in  the  depths  than  the  neighboring 
solid  rocks;  so  to  become  light  enough  to  rise,  the  heavy  basic 
lavas,  as  basalt,  must  be  heated  till  they  are  very  fluid,  while  the 
lighter  acid  lavas  will  rise  in  a  very  viscous  condition  and  flow 
slowly.  The  flow  ceases  because  the  matter  which  is  lighter  than 
the  crust  is  exhausted.  It  is  not  yet  clear  how  the  liquid  makes 
its  way  through  the  crust.  An  eruption  may  be  dry,  or  wet,  or 
explosive.  [Published  under  the  title  “The  Mechanism  of  the 
Mont  Pelee  Spine,”  in  Science,  N.  S.,  vol.  xix,  No.  294,  June  17, 
1904,  pp.  927-928.] 

The  paper  was  discussed  by  Messrs.  Bauer,  Abbe,  Paul,  and 
McGee. 

Mr.  A.  F.  Zahm  then  presented  a  paper  on  New  methods  of 
experimentation  in  aerodynamics,  outlining  some  of  the  re¬ 
searches  carried  out  by  him  and  Mr.  H.  Mattullath  in  the 
laboratory  of  aerodynamics  erected  bv  the  latter  at  the  Catholic 
University,  and  describing  the  instruments.  A  practically  uni¬ 
form  wind  is  produced  in  a  tunnel  50  feet  long  by  6  feet  square ; 
in  this  various  objects  are  held  to  determine  the  drift,  lift,  skin 
friction,  etc.  Pressures  are  read  to  one-millionth  of  an  atmos¬ 
phere.  [Published  in  part  in  the  Physical  Review,  Dec.,  1903.] 


555th  Meeting.  October  11,  1902. 

President  Rathbun  in  the  chair. 

Fifteen  persons  only  were  present,  the  night  being  stormy. 

Mr.  Hayford  gave  a  brief  account  of  recent  gravity  observa¬ 
tions  at  the  North  Tamarack  mine,  Michigan,  in  which  he  had 
assisted,  and  spoke  of  the  anomalous  plumbline  divergence,  and 
the  failure  of  steel  balls  dropped  down  the  4,600-foot  shaft  to 
reach  the  bottom. 
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Mr.  F.  W.  Clarke  read  a  paper  on  A  new  law  in  thermo¬ 
chemistry.  He  finds  that,  after  correcting  the  data  given  by 
Berthelot,  Thomsen,  and  others  for  gain  or  loss  of  heat  due  to 
change  of  state  and  the  amount  absorbed  in  decompositions,  the 
absolute  heat  of  formation  of  any  chemical  compound  is  a  func¬ 
tion  of  the  number  of  atomic  linkings  or  unions  in  the  molecule ; 
in  certain  series  it  is  directly  proportional  to  the  number  of 
these  unions,  and  in  any  organic  compound  is  an  integral  mul¬ 
tiple  of  a  constant,  which  is  about  13,777  calories.  The  thermal 
value  of  a  union  between  two  atoms  is  independent  of  their 
masses.  The  absolute  heats  of  formation  of  corresponding 
chlorides,  bromides,  and  iodides  are  equal.  This  at  once  sug¬ 
gests  a  correlation  between  thermo-chemical  data  and  Faraday’s 
law.  [Published  in  Washington  Academy  of  Sciences  Proceed¬ 
ings,  vol.  v,  p.  1.] 

The  paper  was  discussed  by  Messrs.  Baker,  Thompson,  Wead, 
and  King. 

Mr.  J.  D.  Thompson  then  explained  the  principles  of  the 
Reclassification  of  the  science  section  in  the  Library  of  Congress. 
All  the  books  are  to  be  grouped  in  26  sections,  lettered  A  to  Z; 
Q  is  assigned  to  science ;  a  second  letter  gives  the  next  subdivision, 
and  then  follow  numbers,  as  Q  A  503 ;  in  a  second  line  the  famil¬ 
iar  Cutter’s  author- abbreviations  are  given.  The  division  is  to 
be  rather  minute  to  serve  the  needs  of  students,  who  will  be 
liberally  admitted  to  the  shelves. 

The  paper  was  discussed  by  Messrs.  Clarke,  Baker,  Green, 
and  Rathbun. 


556th  Meeting.  October  25,  1902. 

President  Rathbun  in  the  chair. 

Thirty  persons  present. 

Mr.  S.  W.  Stratton  spoke  on  The  present  status  of  the 
Metric  System  in  the  United  States  and  Great  Britain,  detailing 
the  various  attempts  to  obtain  permissive  legislation,  and  some  of 
the  various  bodies  that  had  forwarded  memorials  to  Congress. 
[Not  published.] 
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The  paper  was  discussed  by  Messrs.  Eathbun,  Tittmann,  and 
We  ad. 

Mr.  E.  B.  Bosa  then,  by  invitation,  with  the  aid  of  lantern 
views,  described  the  Plans  for  the  buildings  of  the  National 
Bureau  of  Standards.  He  spoke  of  the  many  conveniences  pro¬ 
vided  for  work,  and  of  the  provisions  for  the  avoidance  of  mag¬ 
netic  and  mechanical  disturbances,  of  dust,  and  of  changes  of 
temperature.  [Published  in  Science,  Jan.  23,  1903.] 


557th  Meeting.  November  8,  1902. 

President  Eathbun  in  the  chair. 

Thirty-eight  persons  present. 

Mr.  C.  G.  Abbot  exhibited  and  explained  A  device  to  obtain 
time  signals  of  variable  intervals  from  a  uniform-motion  clock¬ 
work.  The  clockwork  drives  in  reverse  directions  t^yo  discs,  with 
either  of  which  a  shaft  may  be  connected  by  electromagnetic 
clutches ;  this  shaft  carries  a  radially  extending  switch-arm  which 
swings  between  two  contact  devices.  One  clutch  being  engaged 
and  the  shaft  rotating,  ultimately  the  arm  strikes  one  contact 
device;  this  switches  the  current  to  the  other  magnet  and  re¬ 
verses  the  rotation  of  the  shaft.  The  instants  of  reversing  are 
noted  on  the  chronograph  sheet.  The  angle  between  the  contact 
devices  is  adjustable  to  vary  the  interval,  and  the  support  which 
carries  them  may  be  moved  to  accelerate  or  retard  the  time  of 
reversal.  The  attachment  was  designed  primarily  for  use  in  Mr. 
Langley’s  method  of  eliminating  personal  equation  in  transit 
observations.  [Not  published.] 

The  communication  was  discused  by  Messrs.  Bigelow,  Briggs, 
Marvin,  IIayford,  Wead,  and  Littlehales. 

Mr.  W.  J.  Spillman  then  presented  the  Theory  of  combina¬ 
tions  applied  to  Mendel’s  law.  This  law  expresses  the  probable 
character  of  hybrids  and  their  progeny.  As  the  number  of 
features  in  which  the  parents  differ  increases,  and  the  number 
of  generations,  the  number  of  possible  combinations  of  these 
features  becomes  very  great;  but  ultimately  the  progeny  reduce 
practically  to  the  two  parent  types  and  a  very  few  new  types. 
Lantern  illustrations  showed  the  results  from  crossing  of  varie- 
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ties  of  wheat,  and  graphically  some  of  the  results  of  mathe¬ 
matical  analysis.  [Not  published.] 

Messrs.  Abbot,  Bigelow,  and  Farquhar  discussed  the  paper. 

Mr.  Marcus  Baker  then  discussed  the  question,  Can  the  equa¬ 
tions 

X2  Y  =A 
X  +  Y2z=zB 

be  solved  by  quadratics?  He  pointed  out  some  relations  of  this 
problem  to  the  general  theory  of  equations  and  gave  criteria  by 
which  the  solvability  of  equations  of  the  fourth  degree  may  be 
recognized;  according  to  these,  the  given  equations  cannot  be 
solved  by  direct  methods. 


558th  Meeting.  November  22,  1902. 

President  Rathbun  in  the  chair. 

Thirty  persons  were  present. 

The  election  and  qualification  of  Messrs.  C.  G.  Abbot,  Edgar 
Buckingham,  and  F.  H.  King  were  announced. 

Mr.  Farquhar  and  Mr.  Radelfinger  discussed  informally 
the  equations  considered  at  the  last  meeting. 

Mr.  H.  C.  Bolton  then  read,  by  invitation,  a  paper  on  Science 
and  art  under  Rudolph  II,  1570-1612.  While  most  of  the 
patronage  of  this  ruler  was  bestowed  on  astrologers  and  charla¬ 
tans,  his  support  of  Tycho  Brahe  and  Kepler  led  to  results  im¬ 
portant  in  the  progress  of  science.  [Published  as  a  chapter  in 
“The  Follies  of  Science,”  Milwaukee,  1904.] 

Mr.  A.  F.  A.  King  presented  Further  remarks  on  sunlight, 
malaria  and  scototherapy  in  continuation  of  the  studies  presented 
to  the  Society  a  year  ago.  He  outlined  the  evidence  for  the  view 
that  the  fluorescence  of  quinine  is  the  effective  thing  when  used 
as  a  remedy  for  malaria ;  holding  that  the  malarial  parasite  will 
not  sporulate  except  under  the  influence  of  light;  he  suggested 
several  reforms  in  the  clothing,  housing,  and  treatment  of  ma¬ 
larial  patients.  [Published  in  American  Journal  of  the  Medical 
Sciences  (Philadelphia),  June,  1902.] 

The  paper  was  discussed  by  Messrs.  Sternberg  and  Bolton. 
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Mr.  Peter  Fireman  then,  by  invitation,  spoke  on  The  deduc¬ 
tion  of  the  magnitude  of  osmotic  pressure  according  to  the 
kinetic  theory.  He  sought  to  prove  that  the  laws  governing 
osmotic  pressure  in  solutions  are  identical  with  the  laws  of  per¬ 
fect  gases  and  follow  directly  from  the  kinetic  theory. 

Mr.  Briggs  made  some  remarks  on  the  paper. 


559th  Meeting.  December  6,  1902. 

President  Rathbun  in  the  chair. 

Fifty  persons  present. 

Announcement  was  made  of  the  death  of  Mr.  J.  H.  Osborne, 
a  noted  inventor  in  the  art  of  photolithography  and  formerly  a 
member  of  this  Society,  and  of  Mr.  Henry  Mitchell. 

Mr.  Newcomb  spoke  briefly  of  his  visit  during  the  past  sum¬ 
mer  to  Christiania  to  attend  the  convention  of  mathematicians 
held  in  commemoration  of  the  100th  anniversary  of  Abel’s  birth. 

Mr.  C.  D.  Walcott  presented  a  paper  on  The  development  of 
the  Carnegie  Institution.  He  pointed  out  how  its  location  in 
Washington  is  a  case  of  natural  development,  tracing  the  growth 
of  scientific  organization  in  the  city  from  the  early  Philosophical 
Society,  through  the  separate  societies,  the  Joint  Committee,  the 
Academy  and  the  Memorial  Association  until  plans  for  research 
were  formulated  clearly  enough  to  attract  Mr.  Carnegie’s  atten¬ 
tion.  He  said  sixteen  advisory  committees,  including  forty-six 
members,  had  been  appointed,  whose  confidentially  printed  re¬ 
ports,  filling  over  200  pages,  had  been  presented  to  the  trustees  at 
their  recent  meeting.  Some  general  principles,  both  of  exclusion 
and  inclusion  have  been  adopted,  special  emphasis  being  laid  on 
the  man  responsible  for  any  research.  [Not  published.] 

Mr.  H.  W.  Wiley  then,  by  invitation,  spoke  on  How  to  test 
the  harmfulness  of  food-preservatives.  He  called  attention  to 
the  enormous  industrial  importance  of  the  subject  and  the  diffi¬ 
culty  of  obtaining  reliable  results  from  experiments.  The  older 
methods  of  preservation  were  desiccation,  sterilization  by  heat 
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and  cold  storage ;  the  cold-storage  plants  of  the  country  are  worth 
$100,000,000  and  contain  constantly  an  equal  value  of  food  sup¬ 
plies.  The  cheapest  of  all  methods  is  the  use  of  chemicals.  The 
effects  of  these  may  be  tested  by  artificial  digestion,  by  experi¬ 
ments  on  lower  animals,  or  by  experiments  on  man.  Under  an 
appropriation  from  Congress,  the  speaker  is  beginning  experi¬ 
ments  on  a  number  of  volunteers  whose  food-supply  and  excreta 
will  be  fully  analyzed  to  determine  the  effect,  if  any,  of  the  usual 
preservatives;  various  details  of  the  control-experiments  were 
described.  [Published  in  fuller  form  in  U.  S.  Dept,  of  Agricul¬ 
ture,  Bureau  of  Chemistry,  Bulletin  No.  84,  part  1.] 

560th  Meeting.  December  20,  1902. 

THIRTY-SECOND  ANNUAL  MEETING. 

President  Rathbun  in  the  chair. 

Seventeen  persons  present. 

The  Minutes  of  the  Thirty-first  Annual  Meeting  were  read  and 
approved. 

The  code  of  by-laws,  as  printed  in  the  call  for  this  meeting 
and  recommended  by  the  General  Committee  for  adoption,  was 
adopted  by  a  unanimous  vote.  [See  p.  340.] 

On  recommendation  of  the  General  Committee,  it  was  ordered 
that  the  meeting  regularly  falling  on  January  3  be  omitted  on 
account  of  the  meetings  during  the  preceding  week  of  the  Ameri¬ 
can  Association  for  the  Advancement  of  Science. 

The  annual  report  of  the  Secretaries  was  read  and  ordered  on 
file. 

ANNUAL  REPORT  OF  THE  SECRETARIES  FOR  1902. 

Washington,  D.  C.,  December  20,  1902. 
To  the  Philosophical  Society  of  Washington: 

The  Secretaries  have  the  honor  to  submit  the  following  annual 
report : 

The  number  of  active  members  at  date  of  last  report  was  108. 
Of  this  number  4  have  died,  1  has  resigned,  2  have  been  trans- 

52 — Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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ferred  to  the  absent  list,  and  2  dropped  for  non-payment  of  dues, 
making  a  total  loss  of  9.  The  gain  has  been:  By  election  and 
qualification  of  new  members,  11 ;  making  a  net  gain  of  2.  The 
present  active  membership  is  110.  One  person  recently  elected 
has  not  yet  qualified  as  a  member. 

The  number  on  the  absent  list  is  76,  one  more  than  at  the  date 
of  the  last  report. 

The  list  of  deceased  members  is: 

Edward  Clark.  J.  W.  Powell.  Henry  Mitchell. 
Charles  Nordhoff  (died  July  14,  1901,  but  not  reported  last 
year) . 

John  Walter  Osborne  (who  is  on  the  absent  list  of  the  So¬ 
ciety)  . 


The  new  members  are: 

James  D.  Tpiompson. 
Clarence  M.  Hall. 

W.  S.  Eichelberger. 
Frank  B.  Littell. 


Charles  W.  Waidner. 
Albert  Francis  Zahm. 
Charles  Greely  Abbott. 
Edgar  Buckingham. 

F.  H.  King. 


W.  J.  Spillman. 

S.  W.  Stratton. 


The  following  members  were  transferred  from  the  active  to  the 
absent  list: 


E.  D.  Preston.  C.  H.  White. 


Mr.  W.  M.  Poindexter  resigned. 


The  General  Committee  held  16  meetings,  at  which  the  average 
attendance  was  11. 

The  Society  held  17  meetings,  1  of  which  was  devoted  to  the 
annual  reports  and  the  election  of  officers,  and  16  to  the  reading 
and  discussion  of  papers. 

The  average  attendance  at  the  scientific  meetings  was  37,  the 
highest  for  ten  years ;  the  greatest  attendance  was  about  100,  to 
witness  the  experiments  on  liquid  air;  but  even  excluding  this, 
the  average  attendance  has  been  greater  than  for  many  years  past. 

Thirty-eight  papers  were  presented  by  34  persons,  10  of  whom 
appeared  by  invitation.  The  lantern  was  used  on  four  evenings. 
The  subject  matter  of  the  regular  papers  may  be  roughly  clas- 
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sified  as  follows :  Pertaining  to  physics,  10 ;  to  history  and  philos¬ 
ophy,  9 ;  to  astrononry,  3 ;  to  mathematics,  mechanism,  medicine, 
meteorology,  and  metrics,  2  each ;  to  bibliography,  biology,  engi¬ 
neering,  geology,  geodesy,  and  magnetics,  1  each. 

Volume  xiv  of  the  Bulletin  has  been  increased  by  38  pages, 
numbered  167-204,  which  have  been  published  and  distributed. 
A  brochure  entitled  “The  Organization  and  Membership  of  the 
Philosophical  Society”  has  also  been  printed  and  distributed. 

The  distribution  of  the  publications  of  the  Society  and  the  re¬ 
ceipt  of  publications  in  exchange  and  their  distribution  to  various 
organizations  in  this  city  have  continued  steadily  in  the  manner 
set  forth  in  detail  in  the  annual  report  of  the  Secretaries  for 
1901.  There  are  appended  to  this  report  the  following  lists : 

1.  Of  the  Bulletins  of  the  Philosophical  Society  distributed 
from,  and  received  at,  the  depository  in  the  Smithsonian  Institu¬ 
tion  during  the  year. 

2.  Of  the  Bulletins  on  hand. 

3.  Of  the  separates  of  Bulletins  xi,  xii,  xiii,  and  xiv  on  hand. 

4.  A  statement  of  the  number  of  publications  received  in  ex¬ 
change  for  publications  of  the  Society,  these  numbers  being  clas¬ 
sified  by  countries. 

The  following  comparison  between  the  present  and  past  will 
serve  to  indicate  whether  the  Society  is  in  a  prosperous  and  stable 
condition  or  not.  The  number  of  active  members  has  for  the 
first  time  since  1890  increased  during  the  year.  The  number  of 
new  members  during  the  year,  11,  is  also  greater  than  has  been 
the  case  during  any  one  year  since  1890.  The  average  number 
of  new  members  per  year  from  1892  to  1901  was  6. 

The  average  attendance  during  the  year,  37,  is  greater  than  for 
any  year  since  1890.  The  percentage  of  attendance  during  the 
year,  34,  is  much  larger  than  for  any  other  of  the  nineteen  years 
covered  by  the  record.  The  highest  percentage  of  any  previous 
year  was  27. 

The  number  of  publications  received  in  exchange  during  the 
year  is  only  750,  as  compared  with  1,990  during  the  preceding 
year.  The  difference  is  probably  due  in  the  main  to  the  fact  that 
during  1901  a  considerable  portion  of  the  receipts  were  back 
numbers  of  publications  received  from  establishments  with  whom 
exchange  relations  had  recently  been  arranged. 
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The  number  of  new  pages  of  published  matter  was  74-  in  1901 
and  38  in  1902.  The  average  number  of  pages  per  year,  1895-99, 
was  nearly  90. 

To  sum  up,  the  Society  is  gaining  in  membership,  and  the  in¬ 
crease  in  percentage  of  attendance  at  the  meetings  indicates 
greater  interest  in  the  papers  than  has  ever  been  shown  before. 
The  Society  is  publishing  less  than  it  formerly  did. 

John  F.  Hayford, 
Charles  K.  Wead, 

Secretaries. 

The  annual  report  of  the  Treasurer  was  read  and  referred  to 
an  auditing  committee,  consisting  of  Messrs.  G.  C.  Maynard, 
F.  J.  Radelfinger,  and  H.  Farqupiar. 

ANNUAL  REPORT  OF  THE  TREASURER  FOR  1902. 

Washington,  D.  C.,  December  20,  1902. 
To  the  Philosophical  Society  of  Washington: 

The  Treasurer  has  the  honor  to  submit  his  annual  report  for 
the  year  1902. 

The  income  of  the  Society  for  the  year  consisted  of  dues  of 
members,  interest  on  the  investments  of  the  Society  in  bonds  of 
the  Cosmos  Club  and  Columbia  Railway,  stock  of  the  Washington 
Sanitary  Improvement  Co.,  and  on  bank  deposit  with  the  Amer¬ 
ican  Security  and  Trust  Co.,  sale  of  publications,  and  rental  of 


Dues  of  members  for  the  year  1899 .  $10  00 

Dues  of  members  for  the  year  1900 .  25  00 

Dues  of  members  for  the  year  1901 . 55  00 

Dues  of  members  for  the  year  1902 .  455  00 

Dues  of  members  for  the  year  1903 .  5  00 

— - -  $550  00 

Interest  on  $500  U.  S.  4  per  cent.  bond. . .  20  00 

Sale  of  publications — Bulletin . 6  25 

Dividend  on  $1000  stock  of  Washington  Sanitary  Improve* 

ment  Co .  40  56 

Interest  on  $4500  Cosmos  Club  bonds. . . . 205  00 

Interest  on  $1000  Columbia  Railway  bond . 60  00 

Rental  of  stereopticon  to  other  scientific  societies .  52  00 

Interest  on  bank  deposit . 7  29 

Total  receipts  .  $941  10 
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Disbursements  have  been  made  as  follows: 

Publishing  the  Bulletin . $101  85 

Printing  for  organization  and  membership .  51  78 

Repairs  to  and  operating  stereopticon .  56  80 

Rent  of  safe-deposit  box .  5  00 

Postage,  stationery,  miscellaneous  printing,  notices,  etc .  62  72 

Clerical  services .  77  16 

Rent  of  hall,  Cosmos  Club .  102  00 

Total  expenditures  .  $457  81 

STATEMENT  OF  ACCOUNT. 

Balance  on  hand  at  date  of  last  annual  report .  $414  12 

Receipts,  as  above,  present  year .  941  10 


$1,355  22 

Expenditures,  as  above,  present  year .  457  31 

Cash  balance  on  hand .  $897  91 


The  investments  of  the  Society  are  the  same  as  mentioned  in 
the  last  annual  report. 

Very  respectfully, 


Bernard  B.  Green, 

Treasurer. 


The  election  of  officers  for  the  ensuing  year  was  then  held,  with 
the  following  result: 


President . 

Vice-Presidents 

Treasurer . 

Secretaries . . . . 


.J.  H.  Gore. 

J.  G.  Hagen.  G.  W.  Littlehales. 
C.  F.  Marvin.  C.  Abbe. 

JB.  E.  Green. 

.J.  F.  Hayford.  0.  K.  Wead. 


Other  Members  of  the  General  Committee. 


L.  A.  Bauer.  L.  A.  Fischer. 

L.  J.  Briggs.  E.  A.  Harris. 

A.  L.  Day.  H.  M.  Paul. 

W.  A.  De  Caindry.  J.  E.  Watkins. 

I.  Winston. 
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561st  Meeting.  January  17,  1903. 

President  Gore  in  the  chair. 

Thirty-six  persons  present. 

The  evening  was  ’devoted  to  Reports  of  the  Committee  on 
Mathematical  Science. 

Mr.  C.  Abbe  spoke  on  Burkhardt  and  Meyer’s  Encyclopadie 
der  Mathematischen  Wissenschaften,  now  being  issued  by  the 
German  Mathematical  Union  in  conjunction  with  the  Gottingen 
Scientific  Association  and  the  Academies  of  Munich  and  Vienna. 
Fifteen  parts  have  been  published  thus  far,  and  the  work  will 
extend  to  10,000  pages,  requiring  five  or  six  years  more.  The 
parts  issued  were  passed  around  for  inspection.  [Not  pub¬ 
lished.] 

Remarks  on  the  subject  were  made  by  Mr,  Hagen. 

Mr.  F.  H.  Bigelow  summarized  the  Applications  of  mathe¬ 
matics  to  meteorology.  There  has  been  serious  misapplication 
of  theories  to  the  explanation  of  cyclones  and  anti-cyclones ;  for  it 
is  now  known  that  Ferrel’s  vortex  and  Oberbeck’s  vortex  do  not 
agree  with  the  modern  observations  of  the  local  circulation  of  the 
air.  Similarly  the  theory  of  least  squares  and  probability  curves 
is  misapplied  in  discussing  periodic  cycles  observed  in  the  solar 
and  terrestrial  atmospheres.  [Published  in  this  volume,  p.  215.] 

The  paper  was  discussed  by  Messrs.  Spillman,  Hai^ford,  and 
Abbe. 

Mr.  Radelfinger  read  a  paper  presented  by  invitation  by 
Professor  H.  F.  Stecker,  of  Cornell  University,  on  The  founda¬ 
tions  of  geometry  and  on  possible  systems  of  geometry.  Since 
geometry  is  founded  on  assumptions,  there  are  many  possible 
geometries.  A  rapid  review  was  given  of  Hilbert’s  two  important 
papers,  and  the  criticisms  on  them.  Of  all  known  systems,  the 
Euclidian  is  the  simplest.  [  Published  in  this  volume,  p.  205.] 

Messrs.  Baker,  Wead,  and  Gore  discussed  the  paper. 
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562d  Meeting.  January  31,  1903. 

President  Gore  in  the  chair. 

Twenty-four  persons  present. 

Mr.  A.  N.  Skinner,  by  invitation,  spoke  on  Progress  in  the 
zone-observations  of  the  Astronomisclie  Gesellschaft.  He  traced 
the  history  of  star  catalogues  from  the  earliest  times.  The  first 
one  based  on  the  use  of  a  telescope  is  due  to  Flamsteed  in  1725. 
The  great  work  of  Argelander  at  Bonn,  published  in  1860,  gave 
the  approximate  places  for  all  stars  visible  with  a  3-inch  tele¬ 
scope  from  2°  S.  to  90°  N.  declination,  comprising  324,198  stars; 
his  successor,  Schonfeld,  extended  this  to  23°  S.  declination, 
adding  133,569  stars.  The  Astronomische  Gesellschaft,  founded 
in  1865,  proposed  to  determine  the  places  of  all  stars  down  to 
the  9th  magnitude  between  2°  S.  and  80°  N. ;  the  work  was 
divided  among  15  observatories,  and  nearly  all  the  results  are 
published.  Later  it  was  planned  to  carry  the  observations  to 
23°  S. ;  the  Naval  Observatory  undertook  the  zone  14°  S.  to 
18°  S.,  and  had  published  the  Journal  of  its  observations.  [Not 
published.] 

Messrs.  Hagen  and  Gore  discussed  the  paper. 

Mr.  F.  G.  Radeleinger  presented  the  Report  postponed  from 
the  last  meeting  on  The  analytic  representation  of  complex 
functions.  It  was  mainly  a  synopsis  of  the  results  published  dur¬ 
ing  the  last  three  years  by  Mittag-Leffler.  These  analytical  de¬ 
velopments  are  in  the  form  of  series  n  times  infinite,  which  can 
be  transformed  into  singly  infinite  series  of  rational  polynomials, 
the  convergency  of  which  has  been  investigated.  [Published  in 
this  volume,  p.  227.] 

Mr.  R.  A.  Harris  pointed  out  The  uses  of  a  drawing-board 
and  scales  in  trigomometry  and  navigation.  The  board  assumed 
is  about  40"  x  20"  with  a  scale  of  angular  graduations  on  the 
edges  radiating  from  the  center  of  one  long  side.  Separate  scales 
divided  to  give  tangents,  secants,  etc.,  may  be  applied  with  their 
zero-points  on  this  center,  and  so  the  sides  of  plane  triangles  may 
be  constructed  on  the  board  to  correspond  to  any  desired  trigo¬ 
nometric  function  of  the  sides  of  a  spherical  triangle,  and  thereby 
the  latter  may  be  solved.  [Published  in  Science,  vol,  xviii,  p. 
704  (1904).] 
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563d  Meeting.  February  14,  1903. 

President  Gore  in  the  chair. 

Twenty-seven  persons  present. 

Mr.  J.  G.  Hagen  spoke  bn  A  peculiar  type  of  temporary  stars, 
the  variation  of  which  is  of  so  short  duration  that  it  cannot  be 
confirmed  by  an  independent  second  observer.  Five  instances 
are  known,  reported  by  authorities  of  the  highest  standing,  one 
of  the  observations  being  made  by  Scheiner  in  1612,  but  never 
understood  till  recently.  [Published  in  The  Astrophysical  Jour¬ 
nal,  vol.  xvii,  Eo.  4,  May,  1903.] 

The  paper  was  discussed  by  Messrs.  Marvin,  Wead,  Hayford, 
Day,  and  Gore. 

Mr.  C.  W.  Waidner  discussed  the  practical  Methods  of  meas¬ 
uring  temperatures  and  the  accuracy  attainable  by  them.  He 
spoke  of  the  present  condition  of  mercurial  thermometry  from 
— 35°  to  +5 50°  0.  and  the  development  of  suitable  kinds  of 
glass  for  thermometric  purposes;  of  some  applications  of  plat¬ 
inum-thermometers,  thermo-electric  and  specific-heat  pyrometers ; 
and  of  the  estimation  of  temperatures  beyond  the  range  of  these 
methods  by  extrapolation,  using  Stefan’s  or  Wien’s  radiation- 
laws:  thus,  the  temperature  of  the  arc  lamp  is  estimated  at 
3700°  4200°  C.  [Published  in  Proc.  Engineers  Soc.  of  West¬ 

ern  Pennsylvania,  Sept.,  1904.] 

Messrs.  Green,  Abbot,  and  Day  took  part  in  the  discussion. 


564th  Meeting.  February  28,  1903. 

President  Gore  in  the  chair. 

Mr.  Abbot  presented  an  elaborate  approximate  method  for  the 
quadrature  of  the  circle,  recently  described  by  a  correspondent  of 
the  Smithsonian  Institution. 

Mr.  C.  F.  Marvin  then  spoke  on  The  Seismograph.  The  early 
instruments  were  crude  and  ineffective;  but  the  earthquake  in 
Japan  in  1880  led  to  the  formation  of  a  Seismological  Society 
and  the  development  there  of  the  modern  type  of  instruments; 
in  this  development  two  men  who  have  since  been  members  of 
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our  Society  had  a  share — Messrs.  Mendenhall  and  Paul.  A 
large  instrument  was  exhibited  of  the  “inertia  type/’  in  which  a 
large  suspended  mass  serves  as  a  fixed  point  for  attachment  of  a 
system  of  levers  the  distant  end  of  which  carries  a  recording 
point,  while  a  frame  subject  to  the  earth  tremors  engages  the 
levers  at  an  intermediate  point.  [Published  in  Monthly  Weather 
Keview,  June,  1903.] 

Mr.  Newcomb  described  briefly  the  instruments  shown  him 
at  Gottingen,  and  further  remarks  on  the  subject  were  made  by 
Messrs.  Gilbert  and  Abbe. 

'Mr.  A.  L.  Day  then,  with  the  aid  of  lantern-illustrations, 
presented  the  modern  view  of  Black  bodies,  and  the  great  devel¬ 
opments  that  followed  the  introduction  of  the  hollow  internally 
reflecting  and  radiating  shell  whose  radiations  reached  an  outside 
instrument  through  a  small  hole,  instead  of  the  older  imper¬ 
fectly  radiating  bodies.  It  is  found  that  as  the  temperature  of 
such  a  shell  rises,  not  only  the  total  energy  of  radiation  increases 
rapidly,  but  the  wave  length  of  the  maximum  radiation :  so  two 
methods  of  computing  the  temperature  from  the  radiations  have 
been  developed.  [Not  published.] 

Some  points  of  the  paper  were  discussed  by  Messrs.  Bigelow 
and  Wead. 


565th  Meeting.  March  14,  1903. 

Vice-President  Marvin  in  the  chair. 

Forty-two  persons  were  present. 

Announcement  was  made  of  the  death  of  Mr.  Wm.  Harkness 
on  February  28th. 

Mr.  Abbe  exhibited  a  recent  publication  of  the  Weather 
Bureau,  containing  half-tone  plates  of  hundreds  of  Microphoto¬ 
graphs  of  snow-crystals  made  by  Mr.  Bentley,  of  Jericho,  Vt. 

President  Gore,  having  taken  the  chair,  stated  that  Mr.  G.  T. 
Walker,  of  India,  in  his  demonstrations  of  the  Flight  of  boom¬ 
erangs,  this  afternoon  on  the  White  Lot,  had  suffered  a  severe 
strain  and  w^as  unable  to  appear  and  present  his  discussion  of  the 
instrument,  which  had  been  announced.  An  informal  discus- 
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sion  of  the  demonstrations  followed,  and  was  participated  in  by 
Messrs.  Langley,  Gore,  Abbe,  Watkins,  Radelfinger,  and 
Marvin. 

Mr.  C.  F.  Marvin  exhibited  and  described  briefly  The  new 
Baldwin  computing  machine  made  in  the  United  States.  Re¬ 
marks  on  the  principles  of  such  machines  and  the  results  of  prac¬ 
tical  experience  with  them  -were  made  by  Messrs.  Strother, 
Harris,  Paul,  and  Wead.  [Not  published.] 

Mr.  G.  R.  Stetson  then  read  a  paper  on  The  genetic  problem 
of  typography.  He  sketched  the  claims  made  for  Coster,  Fust, 
Guttenberg,  and  Schoeffer,  emphasizing  the  great  difficulty  of 
finding  sufficient  evidence  to  establish  priority  with  certainty. 
He  concluded  with  a  brief  description  of  the  Plantin  Museum  of 
Typography  at  Antwerp.  [Not  published.] 


566th  Meeting.  March  28,  1903. 

President  Gore  in  the  chair. 

Twenty-one  persons  present. 

Mr.  F.  A.  Lucas  spoke,  by  invitation,  on  Recent  progress  in 
Palaeontology.  He  pointed  out  the  great  progress  made  by 
American  students,  owing  especially  to  the  great  deposits  of 
fossils  in  our  Western  States.  The  series  showing  the  develop¬ 
ment  of  the  horse  has  been  of  great  interest  as  illustrating  the 
strength  of  the  doctrine  of  evolution :  a  specimen  of  the  Mesohip- 
pus  has  just  been  found  in  the  Florida  phosphate-beds.  True 
monkeys  have  been  found  in  the  Eocene,  and  these  were  probably 
the  ancestors  of  the  existing  South  American  forms.  Modern 
Pinnipeds  and  Carnivores  are  believed  to  be  derived  from  primi¬ 
tive  marsupials  through  the  Creodonts.  The  lines  of  descent  of 
many  reptiles  converged  in  the  Trias,  but  the  connecting  forms 
have  not  been  discovered,  and  the  degree  of  differentiation  of 
Eocene  mammals  and  Triassic  reptiles  pointed  to  a  very  early 
origin  of  these  groups.  No  progress  has  been  made  for  thirty 
years  as  to  the  origin  of  birds. 

Mr.  Dale,  in  discussing  the  paper,  spoke  particularly  of  the 
phosphate-beds  of  Florida. 
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Mr.  F.  H.  King  presented  Some  results  of  studies  relating  to 
water-soluble  salts  of  field-soils.  He  showed  the  magnitude  of 
the  changes  during  the  season  which  take  place  under  different 
field-crops  in  the  nitrates,  bicarbonates,  etc.,  as  the  crops  grow, 
and  the  movements  in  the  soil  toward  the  surface  as  influenced 
by  different  forms  of  tillage.  In  conclusion,  the  wide  bearing 
of  these  results  on  practical  agriculture  was  pointed  out.  [Pub¬ 
lished  in  fuller  form  in  IT .  S.  Department  of  Agriculture,  Bureau 
of  Soils,  Bulletin  No.  26 ;  also  privately  printed.] 

The  paper  was  discussed  with  especial  reference  to  its  sociolog¬ 
ical  bearings  by  Messrs.  Fireman,  We  ad,  and  Gore. 


567th  Meeting.  Aprill  11,  1903. 

President  Gore  in  the  chair. 

Thirty-two  persons  present. 

Mr.  Marvin  exhibited  a  Seismograph  sheet  showing  a  slight 
earthquake  shock  on  March  15,  1903,  and  pointed  out  the  pecu¬ 
liarities  of  waves. 

President  Gore  described  the  International  Bibliography  of 
Mathematics,  now  in  course  of  publication.  Thus  far  11  sets  of 
100  cards  each,  at  12  francs  per  set,  have  been  published. 

Mr.  T.  J.  J.  See  then  presented  a  Historical  sketch  of  Olaus 
Roemer,  discoverer  of  the  velocity  of  light.  Born  in  1644,  and 
living  till  1710,  he  was  a  contemporary  of  Newton’s.  Nine  years 
were  spent  in  Paris  under  Picard;  the  rest  of  his  life  in  Den¬ 
mark.  Nearly  all  of  the  original  records  of  his  work  were  de¬ 
stroyed  by  fire  at  Copenhagen  in  1728.  His  most  famous  dis¬ 
covery  was  made  in  1675.  But  besides  this,  he  should  be  re¬ 
membered  as  the  inventor  of  the  meridian-circle,  the  prime- 
vertical,  the  altazimuth,  and  the  equatorial  telescope.  [Pub¬ 
lished  in  Popular  Astronomy,  Dec.,  1902.] 

Remarks  on  the  paper  were  made  by  the  President. 

Mr.  A.  L.  Day  then  discussed  The  melting-point  of  a  glass, 
basing  his  paper  on  recent  studies  of  borax-glass,  the  nominal 
melting-point  of  which  is  about  730°  C.  An  electric  furnace 
was  used,  and  a  thermo  element  sensitive  to  1/200  of  1°  C.  With 
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a  uniform  supply  of  heat,  the  curve  of  temperature  as  a  function 
of  the  time  shows  for  ordinary  bodies  a  marked  change  of  form 
as  the  material  changes  its  state;  this  is  also  the, case  with  this 
glass  when  in  crystalline  state  ;  but  when  in  a  vitreous  state  the 
curve  may  be  perfectly  smooth  from  liquid  to  solid  and  back,  and 
so  the  material  has  no  true  melting-point  according  to  an}^  ordi¬ 
nary  definition.  [An  extract  from  “The  isomorphism  and  ther¬ 
mal  properties  of  the  feldspars,”  Carnegie  Institution,  Publ. 
No.  31.] 

568th  Meeting.  April  25,  1903. 

The  meeting  was  held  in  the  rooms  of  the  National  Bureau 
of  Standards,  New  Jersey  avenue  and  B  street  S.  E.,  through 
the  courtesy  of  the  Director  of  the  Bureau  and  by  vote  of  the 
Executive  Committee  of  the  Society. 

No  formal  papers  were  read,  but  the  laboratories  and  shops 
were  opened,  and  a  great  number  of  new  instruments  were  ex¬ 
hibited  and  explained  informally.  Refreshments  were  served. 

About  seventy  persons  were  present. 


569th  Meeting.  May  9,  1903. 

President  Gore  in  the  chair. 

Forty  persons  present. 

The  election  and  qualification  of  Messrs.  J.  R.  Benton,  P. 
Fireman,  E.  B.  Rosa,  A.  H.  Thiessen,  and  C.  E.  Yon  Or- 
strand  were  announced. 

Mr.  H.  C.  Bolton  presented  a  paper,  by  invitation,  on  The 
genesis  of  hygrometers  and  anemometers,  and  detailed  the  suc¬ 
cessive  steps  in  the  development  of  these  instruments.  The  first- 
named  instrument  was  invented  by  Nicolas  di  Cusa,  about  1450, 
and  was  based  on  absorption;  the  types  based  on  the  dewpoint 
did  not  appear  till  after  1800.  The  first  anemometer  was  made 
in  1578.  It  is  noteworthy  that  not  only  these  instruments,  but 
the  thermometer  (1595),  the  rain  gauge  (1639),  and  the  barom¬ 
eter  (1643),  were  all  of  Italian  invention.  [Not  published.] 

Mr.  E.  E.  Hayden  then  described,  with  the  aid  of  lantern 
illustrations,  The  naval  chronometer  and  time  service.  The  navy 
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possesses  about  800  chronometers,  and  for  the  rating  of  these 
elaborate  provision  is  made  at  Washington,  and  further  provision 
at  Mare  Island  Navy  Yard,  Cal.,  and  at  Cavite.  The  tests  used 
were  described,  diagrams  were  exhibited  to  show  the  actual  be¬ 
havior  of  chronometers  under  service  conditions,  and  the  details 
of  the  time  service  were  explained.  [Published  in  Publications 
of  the  U.  S.  Naval  Observatory,  vol.  iv,  Appendix  iv,  and  in 
Eeport  of  Eighth  International  Geographic  Congress,  p.  785.] 

Eemarks  were  made  by  Messrs.  Bigelow,  Wead,  and  Green. 

Mr.  J.  E.  Hayford  then  described  the  novel  principles  applied 
and  the  results  obtained  in  Eecent  rapid  primary  triangulation, 
covering  6°  on  the  98th  meridian  in  1902,  illustrating  his  re¬ 
marks  by  lantern- views.  The  work  was  done  at  more  than  twice 
the  usual  rate,  and  at  half  the  usual  cost  per  station,  without 
sacrificing  accuracy.  [Not  published.] 

570th  Meeting.  May  23,  1903. 

President  Gore  in  the  chair. 

Thirty-five  persons^  present. 

The  meeting  was  devoted  to  Memorial  Addresses  on  Deceased 
Members  by: 

Mr.  A.  F.  A.  King  on  S.  C.  Busey. 

Mr.  B.  E.  Green  on  Edward  Clark. 

Mr.  F.  H.  Bigelow  on  William  Harkness. 

Mr.  H.  L.  Marindin  (by  invitation)  on  Henry  Mitchell. 

Mr.  S.  M.  Burnett  on  Charles  Nordhoff. 

Mr.  G.  W.  Littlehales  on  W.  T.  Sampson. 

[Published  in  part  in  this  volume,  pp.  277-311.] 


571st  Meeting.  October  10,  1903. 

President  Gore  in  the  chair. 

Nineteen  persons  present. 

Mr.  G.  W.  Littlehales  read  a  paper  on  A  new  method  of 
finding  the  locus  of  geographical  position  and  the  compass-error. 
This  depends  on  the  use  of  diagrams  drawn  on  a  scale  so  large 
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that  all  calculation  is  dispensed  with.  [Published  in  this  vol¬ 
ume,  p.  233.] 

The  paper  was  briefly  discussed  by  Messrs.  Marvin,  Wead,  and 
Hayford. 

Mr.  J.  F.  Hayford  then  reported  on  The  recent  telegraphic 
determination  of  the  longitude  of  Honolulu  and  the  older 
determinations  from  1555-1903.  The  final  value  is  10h-  31m- 
27s-. 24  dt  .06.  [Published  in  Science,  Nov.  6,  1903 ;  Engineer¬ 
ing  News,  Nov.  5,  1903.] 

Messrs.  Paul  and  Hayden  discussed  the  paper. 

Mr.  J.  H.  Gore  followed  with  a  paper  on  The  political  parties 
and  policies  of  Germany.  He  described  the  four  great  parties 
and  their  17  subdivisions,  with  the  principal  features  of  their 
platforms  in  the  recent  election,  and  pointed  out  the  significance 
of  the  elections.  [Published  by  G.  P.  Putnam’s  Sons,  N.  Y., 
1903.] 

Mr.  Dutton,  in  discussing  the  paper,  compared  the  various 
types  of  parliamentary  bodies. 

- -  w 

572d  Meeting.  October  24,  1903. 

President  Gore  in  the  chair. 

Twenty-three  persons  present. 

Mr.  S.  Newcomb  spoke  on  The  coming  International  Congress 
of  Science  and  Art  at  St.  Louis,  September  19  to  24,  1904.  He  re¬ 
ferred  to  the  dissatisfaction  that  had  followed  former  Congresses, 
and  the  desire  to  provide  something  new  for  St.  Louis.  Two  of 
the  new  features  are  noteworthy:  the  unity  of  science  is  to  be 
emphasized  by  having  a  single  Congress,  though  meeting  in  as 
many  sections  as  may  be  necessary ;  second,  the  principal  speakers 
are  to  be  invited  to  present  papers  on  specific  assigned  subjects. 
This  rendered  necessary  a  grouping  of  subjects;  the  grouping 
adopted  by  the  Committee  has  already  been  published  in  the 
Atlantic.  The.  past  summer  the  administrative  committee,  con¬ 
sisting  of  Professors  Newcomb,  Munsterberg,  and  Small,  vis¬ 
ited  the  learned  men  of  Europe,  and  secured  promises  from  many 
of  them  to  participate  in  the  Congress.  [Not  published.] 
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Mr.  E.  W.  Clarke  then  spoke  on  The  Dalton  centenary  at 
Manchester  and  the  Chemical  Congress  at  Berlin.  The  first  was 
in  commemoration  of  the  announcement  of  the  atomic  theory, 
October  21,  1803 ;  it  was  attended  by  nearly  all  the  leading  chem¬ 
ists  of  Great  Britain.  The  speaker  delivered  the  principal  address, 
pointing  out  the  significance  of  the  discovery.  After  the  cen¬ 
tenary  the  speaker  had  visited  the  Berlin  Congress  and  many  of 
the  best  laboratories  in  Europe.  He  exhibited  a  Crooke’s  spin¬ 
thariscope.  [Hot  published.] 

Mr.  Gore  spoke  briefly  of  his  attending  a  meeting  of  the  Ber¬ 
lin  Academy  of  Sciences  when  memorial  addresses  were  made  on 
Virchow,  and  of  the  coincidence  that  he  was  also  present  when 
DuBois  Raymond  introduced  the  newly  elected  Virchow  to  the 
Academy. 


573d  Meeting.  November  7,  1903. 

President  Gore  in  the  chair. 

Thirty-five  persons  present. 

Mr.  A.  L.  Day  spoke  on  The  black  body  and  the  measurement 
of  extreme  temperatures.  He  outlined  the  history  of  the  theo¬ 
retical  study  of  the  problem  and  showed  how  an  artificial  black 
body  had  been  constructed.  By  the  aid  of  this  the  relation  be¬ 
tween  the  temperature  and  the  total  radiation,  and  also  the  wave 
length  of  radiation  of  maximum  intensity  had  been  expressed  in 
the  form  of  an  equation;  from  this,  temperatures  outside  the 
range  of  measurement  could  be  calculated  by  extrapolation. 
[Published  in  Astrophysical  Journal,  vol.  xix,  p.  1  (1904).] 

The  paper  was  discussed  by  Messrs.  Bigelow,  Abbot,  and 
Waidner. 

Mr.  C.  E.  Van  Orstrand  then  presented  some  notes  on  The 
emission  function,  discussing  mathematically  the  equation  re¬ 
sulting  from  the  work  described  by  the  previous  speaker.  [Pub¬ 
lished  in  Astrophysical  Journal,  vol.  xix,  p.  1  (1904).] 
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574th  Meeting.  November  21,  1903. 

President  Gore  in  the  chair. 

Twenty-three  persons  present. 

Mr.  F.  II .  Bigelow  spoke  on  Synchronism  in  the  solar  and 
terrestrial  atmospheres,  presenting  many  lantern  illustrations. 
These  were  thought  to  show  direct  relations  between  the  terres¬ 
trial  pressure  and  temperature  in  the  tropics  and  the  variations 
in  solar  prominences,  and  inverse  relations  in  the  temperate 
zones.  The  distribution  of  the  prominences  was  discussed  and 
the  constitution  of  the  sun.  [Published  in  Weather  Bureau  Bul¬ 
letin  No.  316.] 

The  paper  was  discussed  by  Messrs.  Briggs  and  Marvin. 

Mr.  L.  A.  Bauer  then  presented  some  Contributions  to  the 
theory  of  the  earth’s  permanent  magnetism  and  its  secular  varia¬ 
tion.  He  showed  that  the  energy  of  the  earth’s  magnetization 
had  diminished  1/35  in  46  years;  and  stated  as  the  result  of 
his  analysis  that  the  principal  cause  of  secular  variation  resides 
outside  the  earth’s  crust.  [Published  in  Journal  of  Terrestrial 
Magnetism,  etc.,  vol.  viii,  p.  97  (1903),  and  vol.  ix,  p.  113 
(1904).] 

575th  Meeting.  December  5,  1903. 

Vice-President  Marvin  in  the  chair. 

Twenty-five  persons  present. 

Mr.  James  Howard  Gore,  the  retiring  President,  delivered 
in  the  Assembly  Hall  of  the  Cosmos  Club  an  address  on  The 
Geoidal  figure  of  the  earth.  [Not  published.] 


676th  Meeting.  December  19,  1903. 

THIRTY-THIRD  ANNUAL  MEETING. 

President  Gore  in  the  chair. 

Twenty-six  persons  present. 

The  Minutes  of  the  Thirty-second  Annual  Meeting  were  read 
and  approved. 

The  President  announced  the  death  of  Mr.  Marcus  Baker,  a 
Past  President  of  the  Society. 
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The  report  of  the  secretaries  was  read  and  ordered  on  file. 

ANNUAL  REPORT  OF  THE  SECRETARIES  FOR  1903. 

Washington,  H.  C.,  December  19,  1903. 

To  the  Philosophical  Society  of  Washington: 

The  Secretaries'  have  the  honor  to  submit  the  following  report : 

The  number  of  active  members  at  the  date  of  the  last  report 
was  110.  Of  this  number  4  have  died,  1  has  resigned,  and  2  have 
been  transferred  to  the  absent  list,  making  a  total  loss  of  7.  The 
gain  by  the  election  and  qualification  of  new  members  has  been 
5,  making  a  net  loss  of  2.  The  present  active  membership  is  108. 
Two  persons  recently  elected  have  not  yet  qualified  as  members. 

.  The  number  on  the  absent  list  is  77,  the  same  as  at  the  date  of 
the  last  report. 

The  list  of  deceased  members  is : 

William  Harkness.  S.  T.  Abert. 

J.  Elfreth  Watkins.  Marcus  Baker. 

Three  of  these  four  were  formerly  officers  of  the  Society. 
Professor  Harkness  was  one  of  the  Presidents  of  the  Society, 
Mr.  Watkins  served  as  Secretary  for  four  years  and  as  a  mem¬ 
ber  of  the  General  Committee  for  three  years  more. 

Mr.  Baker's  record  as  an  officer  of  the  Society  is  unique.  He 
was  elected  Secretary  of  the  Society  in  1882  for  one  year,  to  the 
General  Committee  in  1885,  served  again  as  Secretary  from  1886 
to  1888,  again  on  the  General  Committee  from  1889  to  1893,  as 
Vice-President  in  1894-1896,  as  President  in  1897,  and  as  a 
member  of  the  General  Committee  from  1898  to  1903,  making  a 
service  of  20  years  in  all  as  an  officer  of  the  Philosophical  Society. 

The  new  members  are : 

Peter  Fireman.  E.  B.  Rosa. 

A.  H.  Thiessen.  J.  R.  Benton. 

C.  E.  Van  Orstrand. 

Messrs.  F.  M.  Little  and  G.  R.  Putnam  were  transferred  to 
the  absent  list. 

Mr.  F.  W.  True  resigned. 

According  to  the  new  By-Laws  of  the  Society  adopted  at  the 
last  annual  meeting,  the  routine  business  of  the  Society  is  man- 

53 — Bull.  Phil.  Soc.,  Wash.,  Vol.  14. 
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aged  by  an  Executive  Committee  of  9,  chosen  from  its  own  mem¬ 
bership  by  the  General  Committee.  The  principal  reasons  for 
this  change  from  past  practice  was  to  avoid  the  necessity  of 
securing  a  quorum  of  so  large  a  committee  as  the  General  Com¬ 
mittee  merely  to  transact  routine  business.  The  change  has 
worked  well.  During  the  year  the  General  Committee  has  met 
but  four  times.  The  Executive  Committee  has  held  10  meetings 
with  an  average  attendance  of  7  out  of  9. 

The  Society  has  held  17  meetings.  One  of  these  was  devoted 
to  the  Presidents  address,  one  to  memorial  addresses,  one  to  a 
reception  and  exhibit  of  apparatus  at  the  National  Bureau  of 
Standards,  one  to  an  exhibit  of  boomerang  throwing,  and  one  to 
the  annual  meeting.  The  remaining  12  meetings  were  devoted 
to  the  reading  and  discussion  of  papers. 

The  average  attendance  at  the  regular  meetings  held  at  the 
Cosmos  Club  was  29.  The  lantern  was  used  in  connection  with 
four  papers.  Twenty-seven  papers  in  all  were  presented,  which 
may  be  roughly  classified  as  follows: 

Miscellaneous  8,  pertaining  to  Physics  4,  to  Meteorology  3,  to 
Geodesy  3,  to  Astronomy  3,  to  Mathematics  2,  to  Navigation  2, 
to  Terrestrial  Magnetism  1,  and  to  Mathematical  Physics  1. 

Volume  xiv  of  the  Bulletin  has  been  increased  by  42  pages, 
numbered  205-246,  which  have  been  published  and  distributed 
as  two  separates. 

The  distribution  of  the  publications  of  the  Society  and  the 
receipt  of  publications  in  exchange,  and  their  distribution  to 
various  organizations  in  this  city,  has  continued  steadily  in  the 
manner  set  forth  in  detail  in  the  annual  report  of  the  Secretaries 
for  1901.  There  is  appended  to  this  report  the  following  lists : 

1.  Of  the  Bulletins  of  the  Philosophical  Society  distributed 
from,  and  received  at,  the  depository  in  the  Smithsonian  Institu¬ 
tion  during  the  year. 

2.  Of  the  Bulletins  on  hand. 

3.  Of  the  separates  of  Bulletins  xi,  xii,  xiii,  and  xiv  on  hand. 

4.  A  statement  of  the  number  of  publications  received  in  ex¬ 
change  for  publications  of  the  Society,  these  numbers  being 
classified  by  countries. 

Bespectfully  submitted,  Charles  K.  Wead, 

John  F.  Hayford, 

Secretaries. 
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The  Animal  Report  of  the  Treasurer  was  read  and  referred  to 
an  auditing  committee  consisting  of  Messrs.  Hall  and  May¬ 
nard. 

ANNUAL  REPORT  OF  THE  TREASURER  FOR  1903. 

Washington,  D.  C.,  December  19,  1903. 
To  the  Philosophical  Society  of  Washington: 

The  Treasurer  has  the  honor  to  submit  his  annual  report  for 
the  year  1903. 

The  income  of  the  Society  for  the  year  consisted  of  dues  of 
members,  interest  on  the  investments  of  the  Society  in  bonds  of 
the  Cosmos  Club  and  Columbia  Railway,  stock  of  the  Washington 
Sanitary  Improvement  Co.,  and  On  bank  deposit  with  the  Amer¬ 
ican  Security  &  Trust  Co.,  sale  of  publications,  and  rental  of 
stereopticon. 


Dues  of  members  for  the  year  1901 .  $5  00 

Dues  of  members  for  the  year  1902 .  60  00 

Dues  of  members  for  the  year  1903 .  435  00 

Dues  of  members  for  the  year  1904 .  5  00 

-  $505  00 

Interest  on  $500  U.  S.  4  per  cent,  bond .  20  00 

Sale  of  publications — Bulletin . 5  95 

Dividend  on  $1,000  stock  of  Washington  Sanitary  Improve¬ 
ment  Co . 50  00 

Interest  on  $4,500  Cosmos  Club  bonds .  205  00 

*  Interest  on  $1,000  Columbia  Railway  bond .  60  00 

Rental  of  stereopticon  to  other  scientific  societies .  27  00 

Interest  on  bank  deposit . 15  78 

Total  receipts  . $888  73 

Disbursements  have  been  made  as  follows: 

Publications  .  $209  86 

Repairs  to  and  operating  stereopticon .  30  30 

Rent  of  safe  deposit  box .  5  00 

Postage,  stationery,  miscellaneous  printing,  notices,  etc ....  93  92 

Clerical  services  .  70  07 

Refreshments  at  meeting  at  the  Bureau  of  Standards .  38  90 

Total  expenditures  .  $448  05 
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STATEMENT  OF  ACCOUNT. 


Balance  on  hand  at  date  of  last  annual  report .  .$897  91 

Receipts  as  above,  present  year. . .  888  73 

$1,786  64 

Expenditures  as  above,  present  year .  448  05 

Cash  balance  on  hand . . .  $1,338  59 

The  investments  of  the  Society  are  as  follows: 

Cosmos  Club  bonds  at  5  per  cent . . .  $2,500  00 

Cosmos  Club  bonds  at  4  per  cent .  2,000  00 

Columbia  Railway  bond  at  6  per  cent .  1,000  00 

United  States  registered  bond  at  4  per  cent .  500  00 


$7,000  00 

Very  respectfully,  Bernard  R.  Green, 

Treasurer. 


The  election  of  officers  for  the  ensuing  year  was  then  held,  with 
the  following  result: 


President . . 

Vice-Presidents 

Treasurer . 

Secretaries.  . . . 


.C.  F.  Marvin. 

C.  Abbe.  G.  W.  Littlehales. 

J.  G.  Hagen.  A.  L.  Day. 

B.  R.  Green. 

.J.  F.  Hayford.  C.  K.  Wead. 


General  Committee. 


C.  G.  Abbot. 

L.  A.  Bauer. 

L.  J.  Briggs. 

W.  A.  DeCaindry. 

I.  Winston. 


L.  A.  Fischer. 
R.  A.  Harris. 
H.  M.  Paul. 

E.  B.  Rosa. 


577th  Meeting.  January  2,  1904. 

President  Marvin  in  the  chair. 

Twenty-three  persons  present. 

Mr.  P.  G.  Nutting  spoke,  by  invitation,  on  The  electron 
theory  of  the  radiation  of  gases,  pointing  out  how  this  theory  ex- 
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plains  various  peculiarities  in  the  spectra  of  gases.  [Published 
in  different  form  in  Bureau  of  Standards  Bulletin,  vol.  i,  p.  83 
(1904).] 

The  paper  was  discussed  by  Messrs.  Briggs  and  Abbot. 

Mr.  C.  G.  Abbot  presented  Recent  studies  on  the  solar  constant 
of  radiation  made  at  the  Smithsonian  Astrophysical  Observatory. 
The  transparency  of  the  air  appears  to  vary  greatly,  the  means 
for  the  first  eight  months  of  1903  falling  below  the  means  for 
1901-2  by  5%  in  the  infra-red,  and  up  to  20%  in  the  blue;  in 
later  months  it  has  risen  again.  Prom  the  position  of  maximum 
radiation,  outside  the  atmosphere  (0.49  p),  by  Wien’s  law  the 
solar  temperature  is  computed  as  5800° -5900°. 

Mr.  Day  calculates  from  Abbot’s  solar  constant  (2.167  calories 
per  sq.  cm.  per  min.)  by  Stefan’s  law  a  temperature  of  5750°. 
[Published  in  Smithsonian  Miss.  Col.,  vol.  xlv,  p.  74,  Ko.  1421 
(1903).] 


579th  Meeting.  January  30,  1904. 

President  Marvin  in  the  chair. 

Twenty-six  persons  present. 

Mr.  E.  B.  Rosa  described  at  length  The  organization  and  work 
of  the  Bureau  of  Standards,  detailing  the  problems  before  the  12 
divisions  that  deal  with  physical  and  engineering  measures;  the 
standards  for  thermometiy,  photometrjq  and  electrical  measure¬ 
ment  were  fully  described.  The  chemical  work  has  not  yet  been 
organized.  [Published  in  Science,  June  24,  1904.] 

Mr.  L.  J.  Briggs  then  reported,  with  lantern  illustrations, 
some  of  his  work  on  The  thickness  of  adsorbed  aqueous  films  on 
powdered  quartz.  This  was  found  to  be  about  6  pp,  a  quantity 
insignificant  with  respect  to  the  thickness  of  the  outer  wall  of  a 
root  fiber,  which  is  600  pp.  [Published  in  Journal  of  Physical 
Chemistry,  vol.  ix,  p.  617  (1905).] 

Messrs.  King  and  Guthe  discussed  the  paper. 
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579th  Meeting.  January  30,  1904. 

Vice-President  Abbe  in  the  chair. 

Twenty-four  persons  present. 

Mr.  0.  H.  Tittmann  spoke  on  The  meeting  of  the  Inter¬ 
national  Geodetic  Association  at  Copenhagen,  held  last  fall  for 
nine  days.  Matters  specially  considered  were  longitude,  gravity 
on  land  and  on  sea,  and  variation  of  latitude.  [Not  published.] 

In  the  following  discussion  Messrs.  Fischer,  Littlehales, 
Abbe,  and  Hayford  took  part. 

Mr.  L.  A.  Fischer  read  a  paper  on  The  International  Bureau 
of  Weights  and  Measures,  established  at  Paris  in  1875  and  sup¬ 
ported  by  17  governments;  the  buildings,  laboratories,  and  work 
of  the  Bureau  were  described.  During  the  past  summer  the 
speaker  had  compared  the  United  States  prototype  meter  No.  27 
with  the  standards  of  the  Bureau.  [Not  published.] 

Messrs.  Littlehales,  Wead,  and  Thompson  discussed  the 
paper. 

Mr.  James  Page  then  spoke  on  Ocean-currents.  In  the  ocean 
there  is  a  vertical  circulation  due  to  differences  of  temperature 
and  a  horizontal  circulation  due  to  the  wind;  the  currents  ordi¬ 
narily  observed  are  of  this  latter  kind.  The  velocity  is  slowly 
propagated  downward,  owing  to  fluid-friction.  In  the  North 
Atlantic  ocean  it  appears  from  plotting  the  currents  observed 
by  thousands  of  navigators  that  the  surface-currents  correspond 
in  direction  and  force  very  closely  with  the  prevailing  winds, 
varying  from  day  to  day,  and  there  is  no  “river  in  the  ocean,”  as 
some  geographers  have  taught. 

Messrs.  Abbe,  Littlehales,  Gilbert,  Wead,  and  Harris 
made  remarks  on  the  paper. 


580th  Meeting.  February  13,  1904. 

President  Marvin  in  the  chair. 

Thirty-one  persons  present. 

Mr.  Winston  read  a  circular  letter  from  a  Committee  in  Paris 
composed  of  delegates  appointed  in  the  interest  of  an  Inter¬ 
national  Auxiliary  Language. 
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Mr.  Wear  read  some  items  from  the  last  Report  of  the  Director 
of  Harvard  Observatory. 

Mr.  R.  A.  Harris  presented  a  paper  on  The  feasibility  of 
measuring  tides  and  currents  at  sea.  The  use  of  piano-wire 
sounding-apparatus  was  suggested,  and  the  errors  were  discussed 
that  might  arise  from  the  weight  of  the  wire,  impulse  of  the  cur¬ 
rent,  or  inaccurate  estimate  of  vertically  at  the  upper  end  of  the 
wire.  [Published  in  Science,  vol.  xix,  p.  704  (1904).] 

The  paper  was  discussed  by  Mr.  Marvin. 

Mr.  F.  J.  Bates  then  spoke  on  The  effect  of  a  magnetic  field 
on  plane-polarized  light.  Starting  with  Faraday’s  experiment 
in  1849,  the  historical  development  of  the  subject  was  followed 
down  to  the  speaker’s  work  on  the  rotary  dispersion  of  sub¬ 
stances  having  anomalous  dispersion,  as  solutions  of  fuchsine. 
No  anomaly  was  found  in  the  rotation,  such  as  former  observers 
had  reported,  although  the  speaker’s  apparatus  was  ten  times  as 
sensitive  as  theirs;  the  reported  effects  were  traced  to  constant 
errors,  which  were  avoided  by  a  new  method  of  observing.  [Pub¬ 
lished  in  Annalen  der  Physik,  vol.  xii,  p.  1080  (1903).] 

The  paper  was  discussed  by  Messrs.  Buckingham,  Bigelow, 
Guthe,  and  Bauer. 


581st  Meeting.  February  27,  1904. 

President  Marvin  in  the  chair. 

Sixty  persons  present. 

Mr.  A.  F.  Zahm,  in  a  paper  on  Atmospheric  friction  with  spe¬ 
cial  reference  to  aeronautics,  presented  some  results  from  his 
three  years’  experiments.  He  finds  the  skin-friction  to  vary 
nearly  as  the  length  of  surface,  and  as  the  velocity  to  the  power 
1.85,  and  within  wide  limits  to  be  independent  of  the  surface 
material,  provided  it  is  smooth.  To  overcome  the  friction  on  the 
surface  necessary  to  support  100  pounds,  under  practical  condi¬ 
tions  of  flight,  would  require  about  one  horse-power  on  a  tow-line, 
or  nearly  two  horse-power  applied  by  propellers.  [Published  in 
this  volume,  p.  247;  Phil.  Mag.,  July,  1904.] 

Mr.  C.  M.  Manley  then  spoke  on  the  History  and  present 
status  of  aeronautics.  He  traced  briefly  the  development  of 
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dirigible  balloons,  stating,  that  the  highest  speed  yet  reported 
is  23  miles  per  hour.  The  gliding  machines,  as  LilienthaFs, 
were  spoken  of.  Coming  to  power-driven  machines,  heavier  than 
the  air,  it  was  stated  that  models  were  flown  in  1842  and  1878, 
and  that  in  1868  Stringfellow  built  an  apparatus  with  engine 
and  boiler,  using  the  superposed  planes  suggested  by  Wenham. 
About  1891  Langley  and  Maxim  published  the  results  of  experi¬ 
ments  on  the  principles  underlying  such  apparatus.  Some  de¬ 
tails  were  given  of  Mr.  Langley’s  aerodrome,  and  of  the  acci¬ 
dents  in  launching  it  last  Fall.  Its  52  horse-power  gasoline 
motor  weighs  only  200  pounds,  with  cooling  water  and  all  acces¬ 
sories,  or  2.2  pounds  per  horse-power  for  the  engine  alone.  [Not 
published.] 

In  the  discussion  that  followed,  Mr.  Langley  emphasized  the 
value  of  Mr.  Zalim's  experiments,  of  Mr.  Manley's  work  in  re¬ 
ducing  the  weight  of  the  motor,  Mid  Professor  Bell's  novel  sup¬ 
porting  planes.  Mr.  Bell  told  of  the  curious  history  of  the  idea 
of  “air-ships,”  and  said  Mr.  Manley  was  the  first  person  to  risk 
his  life  on  a  power-driven  aeroplane.  Mr.  Bigelow  spoke  of 
witnessing  some  experiments  with  Bell's  tetrahedral  kites  during 
the  past  summer.  Mr.  Thompson  gave  a  summary  of  some  re¬ 
cent  theoretical  work  on  the  stability  of  aeroplanes,  and  Mr. 
Whittlesey  spoke  of  the  300  patents  for  aerial  navigation,  and 
of  the  refusal  of  the  Patent  Office  to  recognize  any  device  without 
a  gas-bag  as  operative. 


582d  Meeting.  March  12,  1904. 

President  Marvin  in  the  chair. 

Twenty-seven  persons  present. 

Mr.  A.  F.  Zahm  concluded  his  paper  begun  at  the  last  meet¬ 
ing,  presenting  several  equations  and  discussing  several  problems 
arising  in  practice  in  aerodynamics. 

This  paper  and  the  general  subject  were  discussed  by  Messrs. 
Manley,  Marvin,  and  Fessenden. 

Mr.  G.  K.  Gilbert  then  spoke  on  The  feasibility  of  measuring 
tides  and  currents  at  sea, — a  problem  which  appeals  to  the  geolo- 
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gist  as  well  as  to  the  hydrographer.  He  proposes  to  anchor  a 
hollow  vessel  at  some  distance  below  the  surface  of  the  sea,  con¬ 
taining  a  registering  pressure-gauge  on  which  the  superincumbent 
column  of  water  acts.  He  discussed  various  forms  of  gauges  and 
the  practical  conditions  of  the  experiment.  [Not  published.] 

Messrs.  Marvin,  Harris,  Wead,  and  Shidy  discussed  the 
paper. 

583d  Meeting.  March  26,  1904. 

President  Marvin  in  the  chair. 

Twenty-eight  persons  present. 

The  election  and  qualification  of  Messrs.  W.  H.  Whitton, 
H.  H.  Bates,  C.  E.  Duvall,  G.  K.  Burgess,  K.  L.  Guthe,  H.  C. 
Dickinson,  F.  E.  Fowle,  F.  A.  Wolff,  Jr.,  P.  G.  Nutting, 
N.  E.  Dorsey,  L.  G.  Hoxton,  and  0.  B.  French  were  an¬ 
nounced. 

Mr.  L.  A.  Bauer  exhibited  informally  magnetograph  records, 
showing  slight  earthquake-shocks  on  March  16  and  21,  1904. 

The  subject  was  discussed  by  Messrs.  Marvin  and  Abbe. 

Mr.  Bergen  Davis,  of  New  York,  presented,  by  invitation. 
The  theory  of  the  electrodeless  discharge.  A  receiver  containing 
gas  is  placed  in  the  field  of  a  coil  through  which  an  alternating 
current  passes;  when  the  field  reaches  a  certain  potential  there 
is  a  white  discharge  through  the  gas;  this  potential  was  deter¬ 
mined  as  a  function  of  the  gas-density  and  alternation-frequency. 
The  results  were  found  to  be  in  close  accordance  with  the  theory 
of  electrons.  [Published  in  the  Physical  Keview,  vol.  xvii,  p.  501 
(1903).] 

Mr.  P.  G.  Nutting  then  spoke  on  The  dynamics  of  a  moving 
charge,  presenting  systematically  the  dynamical  principles  that 
underlie  the  theory  of  electrons,  and  pointing  out,  among  other 
things,  the  great  differences  in  the  nature  of  the  fields  produced 
by  electrical  charges  moving  at  different  velocities.  [Not  pub¬ 
lished.] 

The  two  papers  were  discussed  by  Messrs.  Thompson,  Briggs, 
and  Bauer. 
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584th  Meeting.  April  9,  1904. 

Vice-President  Littlehales  in  the  chair. 

Twenty-two  persons  present. 

Mr.  Bauer  spoke  informally  of  further  magnetograph  records 
of  an  earthquake-shock  on  March  16.  There  are  instances  of 
such  records  on  about  30  different  dates. 

Mr.  R.  A.  Harris  read  a  paper  on  Some  indications  of  land  in 
the  vicinity  of  the  North  Pole,  viz.,  the  direction  and  velocity  of 
the  surface  currents,  the  very  old  ice  N.  E.  of  Alaska,  and  the 
tides ;  the  conclusion  is  that  a  large  trapezoidal  tract  of  land  may 
extend  from  near  the  North  Pole  towards  Alaska  and  eastern 
Siberia.  [Published  in  the  National  Geographic  Magazine, 
June,  1904.] 

The  subject  was  discussed  by  Mr.  Dall. 

Mr.  G.  R.  Stetson  then  read  a  paper  on  President  Stiles  and 
his  times,  Yale,  1778-1795,  based  on  his  recently  published 
voluminous  diaries.  They  give  a  vivid  picture  of  the  political, 
intellectual,  social,  moral,  and  religious  conditions  of  the  time. 
[Not  published.] 

585th  Meeting.  April  22-23,  1904. 

A  joint  meeting  with  the  American  Physical  Society  was  held 
on  April  22  and  23.  Twenty  papers  were  read  Friday  p.  m. 
and  Saturday  a.  m.  Saturday  a  luncheon  was  given  at  the 
Hotel  Barton  to  the  visiting  guests,  60  persons  sitting  down 
at  the  tables.  Past-President  Newcomb  presided,  and  spoke  a 
few  words  of  welcome,  which  were  responded  to  by  the  President 
of  the  Physical  Society,  Professor  A.  G.  Webster. 

On  Friday  evening  Vice-President  Littlehales  presided,  and 
over  sixty  persons  were  present. 

Mr.  A.  G.  Bell  delivered  an  address  on  Tetrahedral  kites.  He 
exhibited  numerous  small  kites,  and  the  cells  out  of  which  large 
kites  are  built  up,  showing  the  ingenious  principle  of  combina¬ 
tion.  Many  lantern  slides  showed  the  sizes,  shapes,  and  manner 
of  flight  of  the  large  kites  that  he  had  flown  at  his  .experimental 
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station  in  Nova  Scotia.  The  noteworthy  features  developed  by 
the  experiments  were  the  great  strength  of  the  kites  compatible 
with  lightness,  the  high  angle  to  the  ground  of  the  retaining 
rope,  and  the  remarkable  steadiness,  especially  when  the  broad 
side  is  turned  to  the  wind,  like  a  bird  with  wings  extended. 
[Published  in  the  National  Geographic  Magazine  June  13, 
vol.  xiv,  pp.  219-251.] 

A  brief  discussion  followed,  participated  in  by  Professor 
Webster  and  others. 


586th  Meeting.  May  7,  1904. 

Vice-President  Abbe  in  the  chair. 

Twenty-two  persons  present. 

Mr.  F.  E.  Fowle,  Jr.,  presented  a  paper  on  The  absorption- 
spectrum  of  water-vapor  in  the  infra-red  solar  spectrum,  based 
on  work  at  the  astro-physical  observatory.  The  transmissibility 
of  the  atmosphere  to  solar  energy  decreases  with  increasing  wave¬ 
length,  and  is  well  expressed  by  a  modification  of  the  exponent  in 
Bouguer’s  logarithmic  formula.  Aqueous  vapor  seems  to  have 
no  general  absorption  between  0.7  and  2.0  v.  [Published  in 
Smithsonian  Miscel.  Cols.,  vol.  47,  p.  1  (No.  1468)  (1904).] 

The  paper  was  discussed  by  the  Chairman. 

Mr.  S.  T.  Tamura  then  by  invitation  discussed  mathematically 
the  problem  of  The  nocturnal  cooling  of  the  atmosphere.  The 
paper  could  not  well  be  abstracted.  [Published  in  the  Monthly 
Weather  Review,  vol.  xxxviii,  p.  138  (1905).] 

It  was  discussed  by  Messrs.  Abbe,  Bauer,  and  Littleiiales. 


587th  Meeting.  May  21,  1904. 

Vice-President  Day  in  the  chair. 

Thirty-five  persons  present. 

The  election  and  qualification  of  Messrs.  A.  L.  Baldwin,  N.  W. 
Carkhuff,  and  M.  G.  Lloyd  were  announced. 

Mr.  W.  H.  Dall  read  a  Memorial  address  on  the  late  Major 
J.  W.  Powell,  a  former  President  of  this  Society.  [Published 
in  this  volume,  p.  300.] 
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Mr.  E.  A.  Pace,  by  invitation,  read  a  paper  on  The  rhythm  in 
visual  perception.  In  the  attempt  to  distinguish  between  physio- 
4  logical  and  (possible)  psychic  phenomena  the  study  of  phenomena 
on  the  threshold  of  sensation  may  be  important.  Thus  the  fail¬ 
ure  to  perceive  a  constant,  just  visible  light  has  been  attributed 
to  the  afferent  nerve,  to  the  central  organ,  and  to  fatigue  of  the 
ciliary  muscle.  This  intermittence  in  vision  has  been  found  to 
be  parallel  to  respiration.  The  speaker’s  observations,  still  in¬ 
complete,  on  after-images  show  that  the  fluctuations  are  due  to 
retinal  fatigue. 

The  paper  was  discussed  by  Mr.  Paul  with  reference  to  ob¬ 
servations  on  variable  stars,  and  by  Mr.  Wead  with  reference  to 
observations  by  the  Fizeau-Cornu  method  on  the  velocity  of  light. 

Mr.  J.  F.  Hayford  reported  on  A  test  of  the  transit  microme¬ 
ter  as  a  means  of  eliminating  personal  equation.  In  this  instru¬ 
ment  the  observer  attempts  to  keep  the  wire  on  the  star,  and  the 
instants  when  the  wire  reaches  certain  positions  are  electrically 
recorded  on  the  chronograph-sheet.  The  practical  result  is  that 
for  difference-of-longitude  work  three  night  observations  without 
exchange  of  observers  are  equal  to  ten  nights  with  exchange  by 
the  old  method.  [Published  in  fuller  form  in  U.  S.  Coast  and 
Geodetic  Survey  Report  for  1904,  Appendix  8.] 

The  paper  was  discussed  by  Mr.  Paul. 


588th  Meeting.  October  15,  1904. 

Past-President  Dall  in  the  chair. 

Thirty-two  persons  present. 

Announcement  was  made  of  the  death  of  Mr.  A.  Lindenkohl 
on  June  22,  and  of  the  death  of  Mr.  F.  G.  Radelfinger  August 
15,  1904. 

Mr.  F.  W.  Clarke  spoke  on  Chemistry  at  the  International 
Congress  of  Arts  and  Sciences  at  St.  Louis,  outlining  the  prin¬ 
cipal  addresses;  the  sectional  meetings  had  an  attendance  of  75 
to  150,  the  papers  were  of  high  grade,  and  the  Congress  a  decided 
success.  The  atomic  theory  was  treated  as  still  indispensable. 
[Not  published.] 
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Mr.  0.  H.  Tittmann  gave  a  brief  account  of  his  summer’s 
work  as  one  of  the  Commissioners  on  the  demarkation  of  the 
Alaskan  Boundary,  which  is  1200  miles  long.  A  portion  of 
this,  some  500  miles  long  by  20  to  30  miles  wide,  had  been  sur¬ 
veyed  by  the  photo-topographic  method  in  previous  years,  and 
the  results  had  been  mapped  for  the  High- Joint-Commission  in 
London ;  this  body  had  established  the  line,  and  the  five  field  par¬ 
ties  this  summer  began  the  work  of  erecting  monuments  to  mark 
it.  Much  of  the  work  was  very  difficult.  [Not  published.] 

Mr.  L.  A.  Bauer  then  discussed  A  method  of  disclosing  sys¬ 
tems  of  magnetic  forces  causing  the  secular  variation  of  the 
earth’s  magnetism.  The  forces  that  cause  this  variation  are 
proved  to  act  from  the  inside.  From  a  discussion  of  observa¬ 
tions  made  in  the  United  States  from  1885  to  1895  it  appears 
that  the  perturbing  force  operated  in  opposition  to  the  forces 
producing  the  permanent  field ;  that  is,  it  acted  as  a  demagnetiz¬ 
ing  system.  [Published  in  the  Journal  of  Terrestrial  Mag¬ 
netism,  etc.,  vol.  ix,  p.  173,  (1904).] 


589th  Meeting.  October  29,  1904. 

Mr.  Isaac  Winston  in  the  chair. 

Thirty-one  persons  present. 

Mr.  J.  G.  Hagen  gave  an  account  of  Astronomy  and  mathe¬ 
matics  at  the  International  Congress  of  Arts  and  Sciences,  speak¬ 
ing  of  the  meetings,  formal  and  informal,  the  foreign  visitors, 
the  papers,  and  the  fine  exhibits,  especially  of  astronomical  photo¬ 
graphs.  Two  great  European  gatherings  kept  away  many  of  the 
expected  visitors.  [Published  in  Stimmen  and  Maria-Laach, 
Freiberg,  Jahrgang  1904,  Heft  1.] 

Mr.  C.  E.  Van  Orstrand  then  presented  a  paper  on  The  load- 
strain  function  for  finite  strains.  This  curve  is  usually  convex 
to  the  axis  of  loads,  a  short  portion  only  being  straight,  as  is  as¬ 
sumed  in  Hooke’s  law ;  between  the  points  of  rupture  for  tension 
and  compression  there  can  be  no  zero  or  negative  values  of  the 
ordinates.  The  theory  of  functions  enables  one  to  define  a  priori 
all  functions  that  satisfy  these  conditions.  One  of  these  func¬ 
tions,  y  =  ecx  where  x  is  the  load,  y  is  the  strain  and  e  is  2.7183, 
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had  been  suggested  by  Dr.  G.  F.  Becker,  and  is  found  to  satisfy 
with  high  accuracy  observations  on  india  rubber  and  metallic 
wires.  The  paper  was  illustrated  with  lantern  views.  [Not 
published.] 

A  letter  was  read  by  Mr.  Day  from  Dr.  Becker  expressing  his 
appreciation  of  this  investigation. 

Mr.  C.  W.  Waidner  then  gave  the  results  of  numerous  deter¬ 
minations  by  himself  and  Mr.  G.  K.  Burgess  of  The  temper¬ 
ature  of  the  electric  arc ;  they  were  made  by  photometric  methods 
based  on  Wien’s  law,  the  instruments  being  calibrated  at  the 
highest  practicable  temperatures ;  the  results  were  very  accordant, 
and  gave  about  3700°  absolute.  An  increase  of  70°  to  80°  C. 
was  found  when  the  current  forming  the  arc  was  raised  from 
15  to  30  amperes.  The  apparatus  used  was  shown  by  lantern- 
views.  [Published  in  Physical  Review,  vol.  19,  p.  241,  1904, 
and  in  Bulletin,  Bureau  of  Standards,  No.  1,  p.  109,  1904.] 


590th  Meeting.  November  12,  1904. 

President  Marvin  in  the  chair. 

% 

Thirty-one  persons  present. 

Mr.  Marsden  Manson,  of  San  Francisco,  read  by  invitation 
a  paper  on  The  evolution  of  climate.  The  ordinary  explanations 
of  the  glacial  epoch  attribute  it  to  solar  control;  the  speaker 
sought  to  show  that  it  was  due  to  a  plvysical  change  in  the  con¬ 
ditions  of  the  earth  and  its  atmosphere.  At  the  beginning  of 
geological  time,  when  the  earth-ball  had  a  relatively  high  tem¬ 
perature,  there  must  have  been  a  great  amount  of  aqueous  vapor 
in  the  atmosphere  and  dense  clouds,  both  of  which  trapped  the 
heat  radiated  from  the  ball  and  prevented  the  solar  radiation 
from  reaching  the  surface.  The  isothermal  surfaces  were  ap¬ 
proximately  spheroidal  and  non-zonal ;  as  they  contracted  and  the 
evaporation  diminished,  they  cut  the  earth’s  surface,  beginning 
at  the  poles,  and  the  solar  rays  could  also  reach  the  surface ;  so  a 
zonal  distribution  began;  the  two  periods  respectively  of  earth- 
controlled  and  sun-controlled  surface  temperatures  were  sepa¬ 
rated  by  an  ice  age;  this  could  occur  in  a  complete  form  only 
once.  [Published  in  fuller  form  in  the  American  Geologist, 
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vol.  xxiv,  pp.  93,  157,  and  255  (1899)  ;  collected,  86  pp.,  7  plates, 
1903.] 

Mr.  C.  G.  Abbot  then  spoke  on  Radiation  and  terrestrial  tem¬ 
perature,  pointing  out  the  excessive  complexity  of  the  problem, 
theoretically  and  experimentally.  The  maximum  value  of  the 
solar  constant  cannot  be  above  3.88  calories,  even  if  the  earth 
were  a  perfect  radiator  and  if  it  reflected  as  much  as  44  per  cent, 
of  the  incident  solar  radiation;  if  the  constant  were  1.9,  under  the 
same  conditions  the  mean  temperature  of  the  earth  would  be  above 
—  33°  C. ;  accordingly  we  owe  not  over  58°  rise  of  temperature  to 
the  imperfect  radiation  of  the  earth.  But  in  the  absence  of 
clouds  the  mean  temperature  would  certainly  exceed  0°  C.  If 
the  temperature  of  the  oceans  could  be  raised  25°  the  increased 
cloudiness  would  make  glaciation  probable.  Arrhenius’s  carbonic 
acid  theory  is  mathematically  and  physically  unsound.  [Not 
published.] 

The  papers  were  discussed  from  the  geologist’s  standpoint  by 
Messrs.  Willis,  Gilbert,  and  Spencer,  all  of  whom  objected  to 
Mr.  Manson's  theory  as  failing  to  account  for  important  facts. 
Mr.  Manson  made  a  rejoinder. 


591st  Meeting.  ^  November  26,  1904. 

President  Marvin  in  the  chair. 

Seventeen  persons  present. 

Mr.  E.  Buckingham  read  a  portion  of  a  paper  on  The  aeration 
of  soils,  describing  his  apparatus,  the  character  of  materials  in¬ 
vestigated,  the  attempts  to  distinguish  between  the  effects  of  dif¬ 
fusion  and  transpiration,  and  obtain  the  rates  for  each,  and  to 
find  the  amount  and  composition  of  the  gas  normally  in  the  soil. 
[Published  as  Bulletin  No.  25  of  the  Bureau  of  Soils,  U.  S.  Dept. 
Agr.,  1904.] 

The  paper  was  discussed  by  Messrs.  Guthe,  Hayford,  and 
Bauer. 

Mr.  W.  P.  White  then  spoke,  by  invitation,  on  Methods  of 
measuring  the  intensity  and  damping  of  Hertzian  waves.  The 
receiving  instrument  was  a  fine  platinum  wire  bolometer  in 
vacuo,  with  a  periodic  galvanometer;  a  null  method  was  used, 
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and  the  determinations  agreed  to  1/5  per  cent.  Interfering 
trains  could  be  compared,  one  of  which  was  damped  and  the  other 
controlled  by  polarizing  mirrors.  [Not  published.] 

The  paper  was  discussed  by  Messrs.  Rosa,  Marvin,  and  Buck¬ 
ingham. 

592d  Meeting.  December  10,  1904. 

Mr.  L.  A.  Bauer  in  the  chair. 

Eighteen  persons  present. 

Mr.  H.  H.  Kimball  read  by  invitation  a  paper  on  Variations 
in  insolution  and  in  the  polarization  of  blue  skylight  in  1903-04. 
It  appears  that  the  quantity  of  solar  radiation  reaching  the  earth 
on  clear  days  in  1903  was  16  per  cent,  less  than  in  1902,  and 
9  per  cent,  less  than  in  1904.  The  percentage  of  polarization  at 
the  maximum  point  in  the  summer  of  1904  was  49.6  as  compared 
with  40.6  in  1903.  [Published  in  Proc.  Third  Convention  of 
Weather  Bureau  Officials  at  Peoria,  1904;  Monthly  Weather 
Review,  vol.  xxxiii,  p.  100  (1905).] 

The  paper  was  discussed  by  Messrs.  Bauer,  Fowle,  Hayford, 
and  Wead. 

Mr.  J.  F.  Hayford  then  discussed  The  computation  of  deflec¬ 
tions  of  the  vertical  from  the  surrounding  topography.  By  an 
ingenious  method,  partly  graphical,  it  had  been  found  practical 
to  compute  for  each  of  some  200  stations  the  deflection  due  to  the 
attraction  of  all  the  elevated  land-masses  within  a  radius  of  2500 
miles.  When  these  computed  deflections  from  known  causes  are 
combined  with  the  deflections  found  from  geodetic  measure¬ 
ments,  the  quantities  to  be  explained  by  irregularities  within  the 
earth’s  surface  come  out  many  times  larger  than  had  been  sup¬ 
posed  heretofore.  [Not  published.] 


593d  Meeting.  December  24,  1904. 

THIRTY-FOURTH  ANNUAL  MEETING] 
Vice-President  Day  in  the  chair. 


Six  members  present. 
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The  minutes  of  the  Thirty-third  Annual  Meeting  were  read 
and  approved. 

The  annual  report  of  the  Secretaries  was  read  and  ordered  on 
file. 

ANNUAL  REPORT  OF  THE  SECRETARIES  FOR  1904. 

Washington,  D.  C.,  December  24 ,  1904. 
To  the  Philosophical  Society  of  Washington: 

The  Secretaries  have  the  honor  to  submit  the  following  report : 
The  number  of  active  members  at  the  date  of  the  last  report 
was  108.  Of  this  number  3  have  died,  1  has  resigned,  and  2 
have  been  transferred  to  the  absent  list,  making  a  total  loss  of  6. 
The  gain  by  election  has  been  20,  and  by  the  qualification  of 
members  elected  before  the  last  annual  meeting,  but  not  counted 
in  last  year’s  report,  because  they  had  not  yet  qualified,  2 — 
making  a  net  gain  of  16.  The  present  active  membership  is  124. 
This  is  a  larger  active  list  than  the  Society  has  had  since  1895. 
The  Geological  Society  was  organized  in  1893  and  the  Historical 
Society  in  1894. 

The  number  on  the  absent  list  is  79,  2  more  than  at  the  date 
of  the  last  report. 

The  list  of  deceased  members  is : 

Capt.  David  Smith.  Adolphus  Lindenkohl. 

F.  G.  Kadelfinger. 

The  new  members  are: 

Henry  H.  Bates. 

Albert  LeSeour  Baldwin. 

P.  G.  Hutting. 

N.  E.  Dorsey. 

Llewellyn  G.  PIoxton. 

Owen  B.  French. 

Morton  G.  Lloyd. 

John  E.  Burbank. 

Walter  Davis  Lambert. 

C.  H.  Sinclair. 


Frank  A.  Wolff. 

C IT  ARLES  BAYMOND  DlJVALL. 

George  K.  Burgess. 

Ivark  E.  Guthe. 

H.  C.  Dickinson. 

Norman  W.  Carkhuff. 
William  F.  Wallis. 

Paul  H.  Dike. 

Frank  Owen  Stetson. 
John  E.  McGrath. 
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Mr.  F.  H.  King  and  Mr.  C.  M.  Hall  were  transferred  to  the 
absent  list. 

Mr.  George  C.  Maynard  resigned. 

The  General  Committee  met  three  times  during  the  year. 
The  Executive  Committee  held  fifteen  meetings,  with  an  average 
attendance  of  six  out  of  nine. 

'  The  Society  held  17  meetings,  1  of  which  was  devoted  to  the 
annual  reports  and  the  election  of  officers,  and  16  to  the  reading 
and  discussion  of  papers.  The  average  attendance  at  the  scien¬ 
tific  meetings  was  30,  the  greatest  number  being  at  the  joint 
meeting  with  the  American  Physical  Society,  Friday,  April  22, 
when  a  paper  was  read  by  Dr.  A.  Graham  Bell  on  “Tetrahedral 
Kites.” 

Thirty-five  papers  were  presented  by  29  persons,  6  of  whom 
appeared  by  invitation.  The  subject-matter  of  the  regular 
papers  may  be  roughly  classified  as  follows :  Pertaining  to  Geod¬ 
esy  and  Hydrography,  7 ;  Aeronautics,  5 ;  Meteorology  and  Astro¬ 
physics,  5;  Electricity  and  Magnetism,  7;  other  physical  sub¬ 
jects,  3 ;  miscellaneous,  8.  These  papers  have  generally  been  dis¬ 
cussed  as  freely  as  the  time  permitted. 

Volume  xiv  of  the  Bulletin  has  been  increased  by  29  pages, 
numbered  247-276,  which  have  been  published  and  distributed 
as  a  separate. 

The  distribution  of  the  publications  of  the  Society  and  the  re¬ 
ceipt  of  publications  in  exchange,  and  their  distribution  to 
various  organizations  in  this  city,  has  continued  steadily  in  the 
manner  set  forth  in  detail  in  the  annual  report  of  the  Secretaries 
for  1901.  Eight  hundred  and  seventy-seven  volumes  and 
pamphlets  were  received  in  exchange  for  the  publications  of  the 
Society  during  1904,  a  decided  increase  over  the  number,  774, 
in  1903.  There  is  appended  to  this  report  the  following  lists : 

1.  Of  the  Bulletins  of  the  Philosophical  Society  distributed 
from,  and  received  at,  the  depository  in  the  Smithsonian  Institu¬ 
tion  during  the  year. 

2.  Of  the  Bulletins  on  hand. 

3.  Of  the  separates  of  Bulletins  xi,  xii,  xiii,  and  xiv  on  hand. 

4.  A  statement  of  the  number  of  publications  received  in  ex- 
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change  for  publications  of  the  Society,  these  numbers  being 
classified  by  countries. 

Respectfully  submitted, 

C.  K.  We  ad, 

John  F.  Hayford, 

Secretaries. 


The  Annual  Report  of  the  Treasurer  was  then  read: 

ANNUAL  REPORT  OF  THE  TREASURER  FOR  1904. 

Washington,  D.  C.,  December  24,  1905. 
To  the  Philosophical  Society  of  Washington: 

The  Treasurer  has  the  honor  to  submit  his  annual  report  for 
the  year  1904. 

The  income  of  the  Society  for  the  year  consisted  of  dues  of 
members,  interest  on  the  investments  of  the  Society  in  bonds  of 
the  United  States,  Cosmos  Club,  and  Columbia  Railway,  stock  of 
the  Washington  Sanitary  Improvement  Co.,  and  on  bank  deposit 
with  the  American  Security  &  Trust  Co.,  salefc  of  publications, 


and  rental  of  stereopticon,  as  follows: 

Dues  of  members  for  the  year  1902 .  $10  00 

Dues  of  members  for  the  year  1903 .  55  00 

Dues  of  members  for  the  year  1904 .  291  00 

-  $356  00 

Sale  of  publications — Bulletin. .  675 

Dividend  on  $1,000  stock  of  Washington  Sanitary  Improve¬ 
ment  Co . . .  50  00 

Interest  on  $5,000  Cosmos  Club  bonds .  226  41 

Interest  on  $1,000  Columbia  Railway  bond . 60  00 

Interest  on  $500  U.  S.  4  per  cent,  bond .  20  00 

Rental  of  stereopticon  to  other  scientific  societies .  20  00 

Interest  on  bank  deposit .  22  91 


Total  receipts  .  $762  07 

Disbursements  have  been  made  as  follows: 

Publishing  the  Bulletin .  $73  67 

Operating  stereopticon  . 30  00 

Rent  of  safe  deposit  box .  5  00 

Postage,  stationery,  miscellaneous  printing,  notices,  etc .  60  85 

Clerical  services .  74  81 
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Refund  on  overpayment  of  dues . .  $2  00 

Rent  of  Cosmos  Club  hall  for  meetings . .  96  00 

Investment — part  $1,000  4  per  cent.  Cosmos  Club  bond....  500  00 
Special  meeting  with  American  Physical  Society .  53  25 

Total  expenditures  .  $895  58 

STATEMENT  OF  ACCOUNT. 

Balance  on  hand  at  date  of  last  annual  report .  $1,338  59 

Receipts,  as  above,  present  year .  762  07 

To  be  accounted  for . .  $2,100  66 

Expenditures,  as  above,  present  year .  895  58 

Cash  balance  on  hand . . . . .  $1,205  08 


Investments. 

At  the  close  of  last  year  the  invested  funds  amounted  to 
$7,000.00  in  Cosmos  Club,  United  States  registered  and  Columbia 
Railway  bonds,  and  in  stock  of  the  Washington  Sanitary  Im¬ 
provement  Co.  During  the  year  just  closed  the  5  per  cent.  Cos¬ 
mos  Club  bonds  were  called  in  and  4  per  cent,  bonds  substituted, 
while  $500  of  the  cash  in  bank  was  invested  in  these  bonds.  The 
converted  bonds  of  the  Cosmos  Club  were  those  of  1903,  .  amount¬ 
ing  to  $2,500,  being  Nos.  1,  48,  49,  50,  51,  52,  53,  56,  57,  81,  at 
$100  each,  and  Nos.  101,  104,  105,  at  $500  each,  for  which,  with 
the  payment  of  the  $500,  the  Society  received  bonds  Nos.  81,  82, 
83  of  1921,  at  $1,000  each.  These,  together  with  bonds  Nos.  65, 
79  of  1921,  already  on  hand,  make  the  total  investments  of  the 
Society  in  Cosmos  Club  bonds  $5,000. 

The  investments  of  the  Society  are  now  as  follows : 


Cosmos  Club  4  per  cent,  bonds .  $5,000  00 

U.  S.  registered  4  per  cent,  bond . . .  500  00 

Columbia  Railway  6  per  cent,  bond .  1,000  00 

Stock  of  Washington  Sanitary  Improvement  Co .  1,000  00 


Total  investments . . . . .  $7,500  00 


Respectfully  submitted, 

Bernard  R.  Green, 

Treasurer. 
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The  election  of  officers  for  the  ensuing  year  was  then  held  with 
the  following  result: 


President . 

Vice-President 

Treasurer . 

Secretaries . . . . 


.G.  W.  Littlehales. 
C.  Abbe. 

J.  G.  Hagen. 

B.  R.  Green. 

.0.  K.  Wead. 


A.  L.  Day. 

L.  A.  Bauer. 

L.  J.  Briggs. 


General  Committee. 


C.  G.  Abbott. 

W.  A.  DeCaindry. 

W.  S.  Exchelberger. 

L.  A.  Fischer. 

I.  Winston. 


K.  E.  Guthe. 
R.  A.  Harris. 
H.  M.  Paul. 
E.  B.  Rosa. 


A  vote  of  thanks  was  extended  to  Mr.  Hayford  for  his  faithful 
and  efficient  service  as  Secretary  for  four  years. 
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